Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 2003-151567 
(43)Date of publication of application : 23.05.2003 



/ci\|nt PI 


HOIH 4/90 
HOIH 8/08 
HOIH 12/06 


(21) Application number : 2002-246983 


(71)Applicant : MATSUSHITA ELECTRIC IND CO LTD 


(22)Date of filing : 27.08.2002 


(72)lnventor : TONOMURA TADASHI 




OSAKA TAKEO 


(30)Priority 

Priority number : 2001259283 Priority date : 


: 29.08.2001 Priority country : JP 



(54) COMPOUND ELECTRODE FOR OXYGEN REDUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an oxygen reduced compound 
electrode to which 4-etectron reduction reaction is seemingly given at 
the rate of selection near 100% to electrochemical reduction of oxygen. 
SOLUTION: The oxygen reducted compound electrode is constituted 
so that at least an electrochemical catalyst A, which catalyzes the 2- 
electrons reduction reaction, which generates hydrogen peroxide by 
electrochemical reduction of oxygen, and the catalyst B, which 
catalyzes the decomposition reaction, which decomposes the 
generated hydrogen peroxide, and generates oxygen, may be 
contained. By making the electrode potential of the compound 
electrode for oxygen reduction as the oxygen reduction potential of the 
electrochemical catalyst A, the electrochemical catalyst A carries out 2- 
etectrons reduction to the oxygen reproduced by decomposing 
hydrogen peroxide by the catalyst B, then, the hydrogen peroxide is 
generated repeatedly. 
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• NOTICES * 

JPO and NCIPI are not responsible for any 
daznages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which generates a 
hydrogen peroxide by electrochemistry reduction of oxygen It is the composite electrode for oxygen reduction which contains the 
catalyst B which carries out the catalyst of the decomposition reaction which disassembles the generated hydrogen peroxide and 
generates oxygen at least. The electrode potential of the above-mentioned composite electrode is a composite electrode for oxygen 
reduction which is the oxygen reduction potential of the electrochemistry catalyst A, and the electrochemistry catalyst A returns two 
electrons of oxygen reproduced by Catalyst B decomposing a hydrogen peroxide, and repeats and generates a hydrogen peroxide. 
[Claim 2] The composite electrode for oxygen reduction according to claim 1 which is the metal complex which has the ligand L 
configurated in the central metal atom alpha by which the above-mentioned electrochemistry catalyst A is expressed with alphaLn (the 
number of the ligands which n configurates), and this metal atom alpha. 

[Claim 3] The composite electrode for oxygen reduction according to claim 2 whose ligand of the above-mentioned metal complex is 
the single seat which has a nitrogen atom, or a multidentate ligand. 

[Claim 4] The composite electrode for oxygen reduction according to claim 3 with which the above-mentioned ligand has a porphyrin 
ring or a phtalo cyanogen ring. 

[Claim 5] The composite electrode for oxygen reduction according to claim 4 with which the above-mentioned Fori Phi Lynne ring or 
an above-mentioned phtalo cyanogen ring has the substituent of polymerization nature. 

[Claim 6] The composite electrode for oxygen reduction of any one publication of five from claim 1 which is the metallic oxide by 
which the above-mentioned catalyst B is expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number of the 
oxygen beta is decided by the metallic element and it is decided with the valence of a metallic element that x will be). 
[Claim 7] The composite electrode for oxygen reduction according to claim 6 whose above-mentioned metallic oxide is a manganic 
acid ghost expressed with a perovskite oxide or MnOy (atomic number of the oxygen it is decided with the valence of manganese that 
y will be). 

[Claim 8] A metallic material, a carbon material, a metallic oxide, and the metal complex that has the ligand L configurated in the 
central metal atom alpha expressed with alphaLn (the number of the ligands which n configurates), and this metal atom alpha, since — 
with the electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which is one sort chosen from 
the group which changes, and generates a hydrogen peroxide by the electrochemical reduction of oxygen It consists of the metallic 
oxide expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number of the oxygen beta is decided by the metallic 
element and it is decided with the valence of a metallic element that x will be). The composite electrode for oxygen reduction which 
includes at least the catalyst B which carries out the catalyst of the decomposition reaction which disassembles the hydrogen peroxide 
generated according to the electrochemistry catalyst A, and generates oxygen. 

[Claim 9] The composite electrode for oxygen reduction according to claim 8 with which the above-mentioned electrochemistry 
catalyst A and Catalyst B are held at a conductive base material, and change. 

[Claim 10] The composite electrode for oxygen reduction according to claim 9 with which the above-mentioned electrochemistry 
catalyst A serves as a conductive base material. 

[Claim 11] The composite electrode for oxygen reduction according to claim 9 or 10 which insulates Catalyst B electrically and 
changes so that an electron may not move through direct or an electronic conductor between the above-mentioned catalyst B, a 
conductive base material, and/or the electrochemistry catalysts A. 

[Claim 12] The oxygen reduction composite electrode according to claim 1 1 with which the polymer of proton conductivity distributes 
and the above-mentioned catalyst B changes. 

[Claim 13] The composite electrode for oxygen reduction of any one publication of 12 from claim 8 whose ligand of the above- 
mentioned metal complex is the single seat which has a nitrogen atom, or a multidentate ligand. 

[Claim 14] The composite electrode for oxygen reduction according to claim 13 with which the above-mentioned ligand has a 

porphyrin ring or a phthalocyanine ring. 

[Claim 15] The composite electrode for oxygen reduction according to claim 14 with which the above-mentioned Fori Phi Lynne ring 
or an above-mentioned phtalo cyanogen ring has the substituent of polymerization nature. 

[Claim 16] The composite electrode for oxygen reduction of any one publication of 15 from claim 8 whose above-mentioned metallic 
oxide is a manganic acid ghost expressed with a perovskite oxide or MnOy (atomic number of the oxygen it is decided with the 
valence of manganese that y will be). 

[Claim 17] The composite electrode for oxygen reduction according to claim 16 whose above-mentioned perovskite oxide is LaxSrl- 
xMn03 (x=0-0.5). 

[Claim 18] The electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which generates a 
hydrogen peroxide by electrochemistry reduction of oxygen The catalyst B which carries out the catalyst of the decomposition 
reaction which disassembles the generated hydrogen peroxide and generates oxygen Even if few, it consists of the composite electrode 
for oxygen reduction to contain, and the electrode potential of the above-mentioned composite electrode is the oxygen reduction 
potential of the electrochemistry catalyst A. The generation-of-electrical -energy eel which has the positive electrode which the 
electrochemistry catalyst A returns two electrons of oxygen reproduced by Catalyst B decomposing a hydrogen peroxide, and repeats 
and generates a hydrogen peroxide, the negative electrode which carries out oxidation reaction of a negative-electrode active material 
or the fiiel matter, and an electrolyte. 

[Claim 19] The generation-of-electrical-energy eel according to claim 18 which consists of the metal complex which has the ligand L 
configurated in the central metal atom alpha by which the above-mentioned electrochemistry catalyst A is expressed with alphaLn (the 
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number of the ligands which n configurates), and this metal atom alpha, and consists of the metallic oxide by which the above- 
mentioned catalyst B is expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number of die oxygen beta is decided 
by the metallic element and it is decided with the valence of a metallic element that x will be). 

[Claim 20] The generation-of-electrical-energy eel according to claim 18 or 19 which the molecule which is excited by either [ at 
least ] the above-mentioned negative electrode or the electrolyte by light absorption, and oxidizes a carbohydrate electrochemically is 
given [ eel ], and a carbohydrate is supplied [ eel ] to this molecule with Mitsuteru putting, makes a carbohydrate oxidize with this 
molecule in a negative electrode, and generates electromotive force between a positive electrode and a negative electrode. 
[Claim 21] The generation-of-electrical -energy eel according to claim 18 or 19 which the above-mentioned generation-of-electrical- 
energy eel is a fuel cell, the above-mentioned positive electrode and a negative electrode are used as an air pole and a fuel electrode, 
respectively, and an air pole and a fuel electrode are connected through the ion exchange membrane of proton conductivity, and 
changes. 

[Claim 22] The generation-of-electrical-energy eel according to claim 18 or 19 using the gap or one sort of metals which the above- 
mentioned generation-of-electrical-energy eel is an air cell, and be chosen as the above-mentioned negative electrode from zinc, 
magnesium, and aluminum. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the oxygen reduction composite electrode which uses oxygen as the electrode reaction 
matter. Especially the oxygen reduction compKDsite electrode of this invention is used for an oxygen pole or an air pole of 
electrochemistry devices, such as fuel cells, such as air cells, such as a zinc-air cell which uses the reduction reaction of oxygen as a 
positive-electrode reaction, an aluminum-air cell, and a sugar-air cell, and an oxygen hydrogen fuel cell, a methanol fuel cell, etc. 
[0002] 

[Description of the Prior Art] If electrolytic reduction of the oxygen (02) is carried out conventionally, at 1 electronic reduction, it is 
known for generation and 2 electronic reduction of superoxide by generation of a hydrogen peroxide, and 4 electronic reduction that 
water will generate (JACEK KIPKOWSKI, PHILIP N.ROSS edit, ELECTROCATALYSIS, and WILEY-VCH publication, 1998, 204 
- 205 pages). It is required to be large capacity, using the reduction reaction of oxygen as a positive-electrode reaction of a cell, to be 
the most ♦**♦ possible potential (plus) about the electrochemistry reduction reaction of the oxygen accompanied by as many 
electronic transitions as possible, to make an overvoltage as small as possible and to advance it moreover, in order to obtain 
electrochemistry devices, such as a cell of the high current in the high voltage moreover. 

[0003] That is, the catalyst which can moreover cause 4 electronic reduction reaction for an overvoltage small with high potential is 
desirable. In order to acquire such a catalyst, the measure of former some is reported. The catalyst which becomes JP,2-30141,B and 
JP,2-30142,B from the conductive powder which supported the metal chelate compound which has oxygen gas reduction ability, such 
as an iron phthalocyanine and a cobalt porphyrin, and the porosity Plastic solid of a fluororesin is proposed. If the dimer (2 nucleus 
complex) of metal chelate compound is used, it is said that higher oxygen reduction ability (4 electronic reduction ability) can be 
expected, and the air cell of a big output can be expected. 

[0004] The technique of the oxygen reduction catalyst using large annular complexes which use transition metals, such as Cr, Mn, Fe, 
and Co, as a central metal, such as a cobalt porphyrin 2 nucleus complex, is the above-mentioned ELECTROCATALYSIS and 
WILEY-VCH. It is stated to 232 - 234 pages in publication and 1998. The 2 nucleus manganese complex compound catalyst for 
oxygen reduction is proposed by JP,1 1-2538 1 1,A, This 2 nucleus complex carries out the catalyst of the 4 electronic reduction reaction 
of oxygen with high selectivity. It is said that a manganese atom takes the valence of 7 from divalent, and carries out the catalyst of 
the oxygen reduction reaction in [ potential ] minus 0.5V to plus 2V. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it is not known for what kind of conditions about what kind of catalyst is 
effective in 1 electronic reduction reaction of oxygen, 2 electronic reduction reaction, and 4 electronic reduction reaction. If the 
selectivity of 4 electronic reduction reaction changes with complex kinds and what kind of metal complex is used, it is difficult to get* 
to know the technical contents needed [ whether it is stabilized and obtained and ] for the selectivity to higher 4 electronic reduction 
reaction in actual use. If it is going to obtain high potential according to the technique indicated until now, a dinuclear metal complex 
with a central metal atom with a big valence is required. Furthermore, such a dinuclear metal complex It has strong oxidizing power 
and there is a difficulty of bringing about oxidation degradation, such as other components of the cell used together with such a 
dinuclear metal complex, for example, the electrolytic solution, an electrode lead, a charge collector, a cell case, a separator, and gas 
permselective membrane, in actual use. 

[0006] This invention solves such a problem, and it offers the oxygen reduction composite electrode which was excellent also in the 
stability which gives 4 electronic reduction reaction with the selectivity near 100% seemingly to electrochemistry reduction of oxygen, 
without using the strong catalyst component of oxidizing power, such as a dinuclear metal complex with a central metal with a big 
valence. 
[0007] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem the composite electrode for oxygen 
reduction of this invention The electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which 
generates a hydrogen peroxide by electrochemistry reduction of oxygen It is the composite electrode for oxygen reduction which 
contains the catalyst B which carries out the catalyst of the decomposition reaction which disassembles the generated hydrogen 
peroxide and generates oxygen at least The electrode potential of the above-mentioned composite electrode is the oxygen reduction 
potential of the electrochemistry catalyst A, and it is characterized by for the electrochemistiy catalyst A returning two electrons of 
oxygen reproduced by Catalyst B decomposing a hydrogen peroxide, and repeating and generating a hydrogen peroxide. 
[0008] The electrochemistry catalyst which performs 2 electronic reduction reaction of the oxygen which the composite electrode for 
oxygen reduction of this invention returns [ oxygen ] oxygen 1 molecule at least, and makes hydrogen-peroxide 1 molecule generate, 
By having the catalyst which performs the decomposition reaction of the hydrogen peroxide which hydrogen-peroxide 1 generated 
molecule is disassembled [ hydrogen peroxide ] and reproduces the 1/dyad of oxygen, repeating the above-mentioned 2 electronic 
reduction reaction and the above-mentioned decomposition reaction, and performing them Seemingly, 4 electronic reduction of 
oxygen can be performed and 4 electronic reduction reaction of oxygen can be performed in general with 100% of selectivity. Here, it 
says that the current according that the selectivity of 4 electronic reduction reaction of oxygen is 100% in general to reduction 
reactions other than 4 electronic reduction reaction of oxygen is not observed substantially. 

[0009] It is desirable that it is the metal complex which has the ligand L configurated in the central metal atom alpha expressed with 
alphaLn (the number of the ligands which n configurates), and this metal atom alpha, and, as for the above-mentioned 
electrochemistry catalyst A, it is [ the above-mentioned catalyst B ] desirable that it is the metallic oxide or hydrogen-peroxide dialytic 
ferment expressed with betaOx (atomic number of the oxygen beta is decided by the metallic element and it is decided with the 
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valence of a metallic element that x will be). Here, especially the metal complex used for the invention in this application points out 
the metal complex of a single nucleus, unless it refuses. Since oxidizing power is weak compared with the dinuclear metal complex 
indicated by the advanced technology, a single nucleus metal complex becomes possible [ controlling the oxidation degradation of 
other components of a cell ]. 

[0010] Moreover, it is desirable that the ligand of a metal complex is the single seat which has a nitrogen atom, or a multidentate 
iigand. A ligand is a porphyrin ring or a phtalo cyanogen ring still more preferably. Moreover, it is desirable that the Fori Phi Lynne 
ring or a phtalo cyanogen ring has the substituent of polymerization nature. 

[00 11] Moreover, the manganic acid ghost expressed with a perovskite oxide or MnOy (atomic number of the oxygen it is decided 
with the valence of manganese that y will be) can be used for a metallic oxide. 

[0012] The electrode for oxygen reduction of this invention can be constituted so that the catalyst B of the following which carries out 
the catalyst of the decomposition reaction which disassembles the hydrogen peroxide generated at 2 electronic reduction reaction by 
the following electrochemistry catalysts A and the electrochemistry catalyst A which carry out the catalyst of the 2 electronic 
reduction reaction which generates a hydrogen peroxide by electrochemistry reduction of oxygen, and generates oxygen may be 
contained at least. 

[0013] Moreover, it is desirable that the electrochemistry catalyst A and Catalyst B are held at the conductive base material, and the 
electrochemistry catalyst A can also serve as a conductive base material further. 

[0014] Moreover, it is desirable to insulate Catalyst B electrically so that an electron may not move through direct or an electronic 
conductor between Catalyst B, a conductive base material, and/or the electrochemistry catalysts A. Preferably, it is that Catalyst B is 
distributed by the polymer of proton conductivity. 

[0015] One sort chosen from the group which consists of a metallic material, a carbon material, a metallic oxide, and the metal 
complex that has the ligand L configurated in the central metal atom alpha expressed with alphaLn (the number of the ligands which n 
configurates), and this metal atom alpha can be used for the electrochemistry catalyst A. 

[001 6] Moreover, the single seat or multidentate ligand which has a nitrogen atom can be used for the ligand of a metal complex. 
Preferably, a ligand is having a porphyrin ring or a phthalocyanine ring. Moreover, the Fori Phi Lynne ring or a phtalo cyanogen ring 
can also have the substituent of polymerization nature, 

[0017] The metallic oxide expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number of the oxygen beta is 
decided by the metallic element and it is decided with the valence of a metallic element that x will be) can be used for Catalyst B. 
[0018] Moreover, the manganic acid ghost expressed with a perovskite oxide or MnOy (atomic number of the oxygen it is decided 
with the valence of manganese that y will be) can be used for a metallic oxide. Furthermore, LaxSrl-xMn03 (x=0-0.5) can be used for 
a perovskite oxide. 

[0019] It is desirable that it is the metal complex which has the ligand L configurated in the central metal atom alpha by which the 
electrochemistry catalyst A is especially expressed with alphaLn (the number of the ligands which n configurates), and this metal atom 
alpha, and is the metallic oxide by which Catalyst B is expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number 
of the oxygen beta is decided by the metallic element and it is decided with the valence of a metallic element that x will be). 
[0020] A generation-of-electrical-energy eel can be constituted by using the composite electrode for oxygen reduction of this invention 
as the positive electrode of an air cell which considers the reduction reaction of oxygen as a positive-electrode reaction, or a positive 
electrode of a fiiel cell. Namely, the electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction 
whose this invention generates a hydrogen peroxide by electrochemistry reduction of oxygen The catalyst B which carries out the 
catalyst of the decomposition reaction which disassembles the generated hydrogen peroxide and generates oxygen Even if few, it 
consists of the composite electrode for oxygen reduction to contain, and the electrode potential of the above-mentioned composite 
electrode is the oxygen reduction potential of the electrochemistry catalyst A. The electrochemistry catalyst A returns two electrons of 
oxygen reproduced by Catalyst B decomposing a hydrogen peroxide, and the generation-of-electrical-energy eel which has the 
positive electrode which repeats and generates a hydrogen peroxide, the negative electrode which carries out oxidation reaction of a 
negative-electrode active material or the fiiel matter, and an electrolyte is offered. 

[0021] The above-mentioned generation-of-electrical-energy eel can give the molecule which is excited by either [ at least ] a negative 
electrode or the electrolyte by light absorption, and oxidizes a carbohydrate electrochemically, can supply a carbohydrate to this 
molecule with Mitsuteru putting, makes a carbohydrate able to oxidize with this molecule in a negative electrode, and can be used as 
the generation-of-electrical-energy eel which generates electromotive force between a positive electrode and a negative electrode and 
which uses a carbohydrate as a fuel. 

[0022] Moreover, in the above-mentioned generation-of-electrical-energy eel, the composite electrode for oxygen reduction of this 

invention can be made into an air pole, a negative electrode can be used as a fuel electrode, and when an air pole and a fuel electrode 

make it connect through the ion exchange membrane of proton conductivity, a fuel cell can be constituted. 

[0023] Moreover, in the above-mentioned generation-of-electrical-energy eel, a zinc air battery, a magnesium-air cell, and an 

aluminum-air cell can be constituted by using the composite electrode for oxygen reduction of this invention as a positive electrode, 

and using the gap or one sort of metals which be chosen as a negative electrode from zinc, magnesiimi, and aluminum. 

[0024] 

[Embodiment of the Invention] This invention offers the oxygen reduction composite electrode which uses oxygen as the electrode 
reaction matter. The composite electrode for oxygen reduction of this invention contains the catalyst B which disassembles the 
electrochemistry catalyst A which generates a hydrogen peroxide by the electrochemical reduction of oxygen, £md the generated 
hydrogen peroxide, and generates oxygen at least. The electrochemistry catalyst A is 02+H20+2e-. -> The catalyst of the 2 electronic 
reduction reaction (I) of the oxygen expressed with 0H-+H02- (inside of lye) is carried out, and a hydrogen peroxide (H202, 
hydrogen-peroxide ion expressed with H02- in lye) is generated. 

[0025] Catalyst B is the generated hydrogen-peroxide ion 2H02- -> 02 + 20H- The catalyst of the decomposition reaction (2) 
expressed is carried out, and oxygen is reproduced. Again, the reproduced oxygen receives 2 electronic reduction according to the 
electrochemistry catalyst A, and generates hydrogen-peroxide ion. Oxygen 1 molecule generates hydrogen-peroxide ion 1 molecule by 
2 electronic reduction reaction (1), and hydrogen-peroxide ion 1 generated molecule reproduces l-/dyad oxygen by the decomposition 
reaction (2). A l-/dyad oxygen molecule generates l-/dyad hydrogen-peroxide ion by 2 electronic reduction reaction (1), and 1 
generated/dyad peroxidation ion reproduces the oxygen of 1/4 molecule by the decomposition reaction (2). 

[0026] The oxygen molecule of 1/4 molecule generates the hydrogen-peroxide ion of 1/4 molecule by 2 electronic reduction reaction 
(1), and the peroxidation ion of 1/4 generated molecule reproduces the oxygen of 1/8 molecule by the decomposition reaction (2). 2 
electronic reduction reaction (1) and a decomposition reaction continue occurring (2) Repeatedly. As opposed to reduction of oxygen 1 
molecule Namely, two electrons, one electron, 1/2 electron, 1/4 electron, 1/8 electron, n (1/2) Although a total of four electronic (n 
-> infinity) electrons are used, and it becomes as the same as oxygen I molecule underwent 4 electronic reduction reaction with the 
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potential of 2 electronic reduction reaction, namely, it is 2 electronic reactions The same result is brought as the reaction which is 
equivalent to 4 twice as many electronic reactions (02+2H20+4e- -> 40H-) as 2 electronic reactions as quantity of electricity 
occurred. 

[0027] Since the oxygen reduction composite electrode of this invention contains at least the electrochemistry catalyst A and Catalyst 
B which give the reduction path of such oxygen, it can perform 4 electronic reduction of oxygen with the selectivity near 100%. 
[0028] Hereafter, this invention is explained in detail. If oxygen is returned electrochemically and a hydrogen peroxide (H202 and 
H02-) is generated as an electrochemistry catalyst A of this invention, organic, inorganic, metals, such mixture, a composite, and any 
ingredient can be used. Platinum, cobalt, a ruthenium, palladium, nickel, gold, silver, copper. Carbon materials, such as metallic 
materials, such as a platinum-cobalt alloy and a platinum-ruthenium alloy, a graphite, and activated carbon. Oxidization copper, nickel 
oxide, cobalt oxide, ruthenium oxide, a lead oxide, molybdenum oxide, Metallic oxides, such as a manganese-dioxide, lead ruthenate, 
and lanthanum-manganese-copper perovskite oxide. An iron phthalocyanine, a cobalt phthalocyanine, a copper phthalocyanine, a 
manganese phthalocyanine, Metal complexes, such as the metal phthalocyanine or metalloporphyrin which has porphyrin rings, such 
as a zinc phthalocyanine, a ruthenium ammine complex, a cobalt ammine complex, and a cobalt ethylenediamine complex, etc. can be 
used. 

[0029] The metal complex made to express with alphaLn with high activity to the electrochemical reduction of oxygen especially is 
used suitably. When a metal complex is used, there is an advantage that it is changeable in a **** (plus) direction or the **** (minus) 
direction by it not only changing the class or valence of the main metallic element alpha for the reduction potential of oxygen, but 
changing Ligand L. For example, alpha can change 50m V of 2 electronic reduction potential of oxygen in the (plus) direction 
from 10 by introducing the carboxyl group (-COOH) of electronic suction nature, a cyano group (-CN), etc. into the phthalocyanine 
ring which is a ligand with the cobalt phthalocyanine complex (it expresses PcCo (II)) which is divalent cobalt 
[0030] Moreover, the zinc phthalocyanine complex (it expresses PcZn (II)) whose alpha besides PcCo (II) is divalent zinc, and alpha 
can change 200mV of 2 electronic reduction potential of oxygen in the **** (minus) direction from 10 by introducing electron- 
donative alkoxy groups, such as an octabutoxy radical (OBu), into a phthalocyanine ring with the copper-phthalocyanine complex (it 
expresses PcCu (II)) which is divalent copper. Furthermore, with the metal complex which consists of ligands which have proton 
dissociation-equilibrium ability, 2 electronic reduction potential of oxygen can be changed a lot among several lOOmV by changing 
pH of media, such as the electrolytic solution used in case an oxygen reduction reaction is performed. 

[003 1] As a ligand (L), a phthalocyanine, an octabutoxy phthalocyanine, OKUTA cyano phthalocyanine and phthalocyanine 4 acetic 
acid, a tetrapod (0-aminophenyl) porphyrin, A tetra-amino phthalocyanine, atetramethyl phenyl porphyrin. The ligand which has 
porphyrin rings, such as tetra-phenyl poly FIRIN and tetrapod (N-methoxypheny) Pori Phi Lynne, Ammonia, ethylenediamine, 
ethylenediaminetetraacetic acid, 4-vinylpyridine, Since the single seat or multidentate ligzmd which 2-vinylpyridine, a bipyridyl, etc. 
contain a nitrogen atom (N), and forms a complex with the central metal alpha through this nitrogen atom forms a comparatively 
stable metal complex, it is desirable. Since ligands, such as a tetra-amino phthalocyanine, tetrapod (0-aminophenyl) Pori Phi Lynne, 
etc. who have the substituent of polymerization nature, such as an amino group and an aminophenyl radical, especially, can form the 
metal complex whose stability increased to the pan macromolecule-ized by the polymerization, they are desirable. 
[0032] Next, as a main metallic element (alpha) of such a metal complex (alphaLn), since platinum, a ruthenium, cobalt, manganese, 
iron, copper, silver, zinc, etc. can run the reduction reaction of oxygen with a smaller overvoltage, they are desirable. Moreover, as for 
the valence of alpha, four or less are desirable. By making a valence or less into four, the oxidizing power of a catalyst can be stopped 
and oxidation degradation, such as an electrode lead, the cell used together with a metal complex, and other components, for example, 
the electrolytic solution, a charge collector, a cell case, a separator, and gas permselective membrane, can be prevented effectively. 
[0033] Organic [ which disassembles a hydrogen peroxide and generates oxygen as a catalyst B of this invention ], inorganic, metals, 
such mixture, a composite, and any ingredient can be used. Moreover, hydrogen-peroxide dialytic ferments, such as a catalase, etc. can 
be used effectively. Especially, a hydrogen peroxide and compatibility are high and the metallic oxide expressed with high betaOx of 
the oxygen exchange capacity which incorporates or emits oxygen is desirable. As such a metallic oxide, chemistry oxidation of the 
divalent manganese salt, such as MnS04, is carried out with a hydrogen peroxide etc. Manganic acid ghosts, such as Mn 203 obtained 
by carrying out heating oxidation in the ambient atmosphere which contains oxygen gas further if needed, Mn304, Mn508, and 
gamma-MnOOH (Mn 304 and mixture of Mn508) (MnOy), platinum black, ruthenium oxide, Cux-lSrxTi03 (x=0-0.5), and LaxSrl- 
xMn03 (x=0-0.5) and SrTi03 etc. — there is a perovskite oxide etc. Especially, the decomposition activity of a hydrogen peroxide is 
high, and there is little degradation, and since the manganese low-grade oxide is moreover cheap, it is desirable. A manganese low- 
grade oxide is a manganic acid ghost with which the valence of a manganese atom does not fill 4, and since remaining as it is or the 
calcinated thing can be used for the manganese-dioxide positive electrode of the manganese dry battery after use, it is desirable also 
especially from a viewpoint of resource reuse. 

[0034] The composite electrode for oxygen reduction of this invention has the conductive base material holding the electrochemistry 
catalyst A and Catalyst B. A conductive base material can consist of a metallic material, a carbonaceous ingredient, a conductive oxide 
ingredient, etc., and the thing of various configurations, such as tabular, a cylinder, cylindrical, the shape of a disk, and a porous body, 
can be used for it, and it can also serve as a charge collector. 

[0035] In addition, the electrochemistry catalyst A can also serve as a conductive base material. In this case, it is necessary to make 
Catalyst B hold on the front face of the electrochemistry catalyst A. 

[0036] Although it is in the composite electrode for oxygen reduction of this invention, and the electrochemistry catalyst A and 
Catalyst B may be arranged in contact with each other or you may separate and arrange, arranging near the partner to each other is 
desirable. Not through a migration process, it can result and decompose into Catalyst B through migration of the minimum distance, 
the hydrogen peroxide generated by the electrochemical reduction of oxygen in the electrochemistry catalyst A by carrying out like 
this can reproduce oxygen, and the reproduced oxygen can receive reduction in the electrochemistry catalyst A very much through 
migration of the minimum distance not through a migration process too. The overvoltage of oxygen reduction can be made small as 
the whole composite electrode for oxygen reduction. Furthermore, if a metal complex is used as an electrochemistry catalyst A, since, 
as for the metal complex, molecule each has oxidation reduction capacity, the electrochemistry catalyst A and Catalyst B can be 
approached to molecule order, and the composite electrode for oxygen reduction of a smaller overvoltage is obtained. 
[0037] in order to receive supply from the electrode which performs the electrochemical oxidation reaction which uses an electron 
required for the electrochemical reduction of oxygen combining the composite electrode for oxygen reduction, the electrochemistry 
catalyst A is held on a conductive base material — having — an electrode lead and/or connection ~ it connects with a conductor 
electrically. 

[0038] On the other hand, the need of being held on the conductive base material does not not necessarily have Catalyst B. It is 
desirable to be arranged in the condition of having insulated from these electrically rather. It becomes possible to also use the 
ingredient which has both operations which performs operation which disassembles a hydrogen peroxide and generates oxygen by 
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arranging Catalyst B in the condition of having insulated electrically, and electrolytic reduction of oxygen as a catalyst B. In this case, 
since it is arranged in the condition of having insulated electrically, electrochemical reaction does not occur, but Catalyst B can cause 
only disassembly of the hydrogen peroxide which generates oxygen. 

[0039] Therefore, the electrode potential of the composite electrode for oxygen reduction of this invention is determined by only the 
oxygen reduction potential of the electrochemistry catalyst A, and it becomes easy to design [ of the electrochemistry device using said 
electrode ] it Moreover, even if it is an ingredient [ activity / decomposition reaction / the reduction reaction of oxygen besides the 
ingredient shown previously, and / both / of a hydrogen peroxide / as a catalyst B ], it can use. As such an ingredient, there are 
platinum, gold, a ruthenium, palladium, a manganese dioxide, activated carbon, a graphite, a metal loporphyrin compound, and a metal 
phthalocyanine compound. Furthermore, it can prevent effectively that the generated hydrogen peroxide reacts with the returned kind 
generated by excessive electrochemical reaction, and is consumed since excessive electrochemical reaction except the reduction 
reaction of oxygen does not occur, or the reproduced oxygen reacts with the oxidized kind generated by excessive electrochemical 
reaction, and is consumed, and 4 electronic reduction reaction of oxygen is attained with the selectivity seemingly near 100% in it. 
[0040] If it is the electrochemistry catalyst A which returns oxygen and generates a hydrogen peroxide, there will be no limit in 
compound-izing which catalyst B which disassembles a hydrogen peroxide and generates oxygen, and using it. However, in case 
generation-of-electrical-energy eels, such as an air cell and a fuel cell, are constituted combining the negative electrode which supplies 
an electron to a positive electrode through an external circuit, using the composite electrode for oxygen reduction of this invention as a 
positive electrode, when there is a possibility the electrode active material or the fuel matter used for a negative electrode may dissolve 
in an electrolyte, and may contact a positive electrode, the combination of the high electrochemistry catalyst A of the selectivity of an 
oxygen reduction reaction and the high catalyst B of the selectivity of disassembly of a hydrogen peroxide can choose suitably. With 
the fuel cell used as a fuel, saccharides, such as a methanol which dissolves in an electrolyte, ethanol, ethylene glycol, and a glucose 
The high metal phthalocyanine complex of the selectivity of an oxygen reduction reaction and a metal Fori Phi Lyruie complex are 
chosen as the electrochemistry catalyst A. As a catalyst B It is desirable to choose and compound-ize enzymes, such as a catalase in 
which oxidizing power has high selectivity to disassembly of manganese low-grade oxides, such as low high Mn 203 of peroxidation 
hydrocracking ability and Mn 508, or a hydrogen peroxide, and to use as a composite electrode for oxygen reduction of this invention. 

[004 1] In order to produce the composite electrode for oxygen reduction of this invention and to make the electrochemistry catalyst A 
and Catalyst B hold to a conductive base material, dry process, such as the applying method which applies coating liquid including a 
catalyst, and wet methods, such as the electrochemical depositing method, or vacuum evaporation technique, or the approach of 
sticking by pressure the catalyst bed made into the shape of a sheet using the binder to a conductive base material can be used. For 
example, in the case of the applying method, it is desirable to apply coating liquid including the electrochemistry catalyst A to the 
front face of a conductive base material, to form the 1st catalyst bed, to apply coating liquid including Catalyst B and to form the 2nd 
catalyst bed on the 1st catalyst bed. It is for Catalyst B to prevent contacting directly to a conductive base material. 
[0042] Moreover, it is desirable to make the coating liquid which faces to form the 2nd catalyst bed and includes Catalyst B contain, 
the polymer, for example, the perfluoro sulfonic-acid polymer, of proton conductivity. Promptly, since the hydroxide ion generated by 
the decomposition reaction of a hydrogen peroxide by making the 2nd catalyst bed contain the polymer of proton conductivity reacts 
with a proton and is removed, it becomes possible to promote the decomposition reaction of a hydrogen peroxide of it more. 
[0043] Moreover, if electrolytic deposition or electrolytic polymerization is possible for the catalyst itself, it makes it deposit on a 
conductive base material by approaches, such as constant potential, constant current, or a potential sweep, and can form a catalyst bed. 
For example, if the metal complex which has ligands which have the substituent of polymerization nature, such as an aforementioned 
amino group, an aforementioned aminophenyl radical, etc., such as a tetra-amino phthalocyanine and a tetrapod (0-aminophenyl) 
porphyrin, is used for the electrochemistry catalyst A, the catalyst bed which consists of the metal complex macromolecule-ized 
through the amino group by electrolytic polymerization can be formed. On the catalyst bed which consists of this macromolecule-ized 
metal complex, the catalyst bed which includes Catalyst B by the applying method or the electrochemistry depositing method can be 
formed. 

[0044] as the electrolytic solution used combining the composite electrode for oxygen reduction of this invention - a water solution 
and the organic electrolytic solution — any electrolytic solution can be used, especially since the alkaline low-concentration water 
solution of quick IM less or equal of a diffusion rate with the large and solubility of 02 can cause an electrolysis reaction efficiently, it 
is desirable. Hereafter, an example explains this invention concretely. 
[0045] 

[Example] (Example 1) 

(1) a test electrode - 1 1 — 12 - 13 ~ 14 ~ 15 — production - electrochemistry — a catalyst — A — ****** — Pori - cobalt - four — four 

— ' ~ four - " - four -- ' - " - tetra — amino - a phthalocyanine (p-CoTAPc) - a catalyst - B --♦♦**♦*-- gamma-MnOOH (mixture 
of Mn 304 and Mn508) — using — glassy carbon (GC) with a diameter of 6mm — using — a test electrode — having produced . Glassy 
carbon was a pellet with 5mm [ in thickness ], £md a diameter of 6mm, it connected one field with electrode lead wire, and after 
another field had been exposed, it embedded it in the sheath with a diameter [ of 10mm ], and a die length of 80mm made of polyimide 
resin. GC in the condition of forming nothing on the exposed field was used as the test electrode 13. 

[0046] 0.1 - M - not getting - an acid - tetrabutylammonium ~ having dissolved ~ dimethyl ~ a staple fiber ~ HOKISHIDO 
(DMSO) ~ a solution — ** — one — having been shown — a structure expression — having — cobalt - four — four — * — four — " — four 

— • — " - tetra — amino - a phthalocyanine (CoTAPc) - 0.2 — mM — the dissolution — carrying out ~ things ~ the electrolytic solution 

— having created . In this electrolytic solution, it electrolyzed by having used the counter electrode and the Ag/AgCI (saturation KCl) 
electrode as the reference electrode for platinum by using GC into an operation pole, and p-CoTAPc was formed on the field which 
GC exposed. 

[0047] Electrolysis is repeating the potential of GC 30 times at the rate of 50 mV/s between plus 0.5V and minus 1.4V to an Ag/AgCl 
reference electrode, and performing increase and decrease for it, and formed p-CoTAPc on GC. This was made into the electrode 12. 
here -- p-CoTAPc - CoTAPc - four - four - ' - four ~ " - four - " ~ • - about - the amino group - electrolytic oxidation - 
winning popularity — this amino group - minding ~ a macromolecule — izing . 
[0048] 
[Formula 1] 
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[0049] Next, 25micro of gamma-MnOOH powder was distributed g times in 5micro of ethanol solutions 1 which dissolved the 
perfluoro sulfonic-acid polymer (Du Pont make: Nafionl 12) of proton conductivity 0.05% of the weight, and it was dropped so that 
the whole surface of GC which formed above-mentioned p-CoTAPc for this might be covered. Next, warm air desiccation of this was 
carried out, ethanol was evaporated, Smicro of these solutions was dropped further I times, and the test electrode 1 1 was produced by 
evaporating ethanol. 

[0050] Next, the above-mentioned ethanol solution which distributed gamma-MnOOH was dropped so that the whole surface of GC of 
5 micro! and nakedness might be covered, the loop of the actuation of evaporating ethanol was carried out twice, and the test electrode 
14 was produced, 

[005 1] Next, the above-mentioned ethanol solution which distributed gamma-MnOOH was dropped so that the whole surface of the 
golden (Au) electrode of 5microl and nakedness might be covered, the loop of the actuation of evaporating ethanol was carried out 
twice, and the test electrode 15 was produced. It is a pellet with a die length [ of 5mm ], and a diameter of 6mm, Au electrode used 
here connects one field with electrode lead wire, where the field of another side is exposed, is embedded into the sheath with a 
diameter [ of lOnun ], and a die length of 80mm made from polyimide, and produces it. 

[0052] (2) 3 pole eel which uses as a working electrode the test electrode produced according to the process beyond evaluation of the 
oxygen reduction property of a test electrode, and uses a counter electrode and an Ag/AgCl (saturation KCl) electrode as a reference 
electrode for platinum was constituted, and the reduction property of oxygen was evaluated. The 0. IM phosphoric acid buffer solution 
of pH7.4 was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / it / under / 
electrolytic-solution / leading ] for 30 minutes in oxygen gas. The potential of a woricing electrode was increased at the rate of 50 
mV/s toward OV, when it decreased at the rate of 50 mV/s from -K).1V to -1.2V to the reference electrode and having been amounted 
to -I.2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the potential of 
a working electrode at this time. 

[0053] Drawing I is the current- potential curve obtained about test electrodes 11, 12, and 13. In drawing 1 , the sununit potential (Ep) 
of the reduction current corresponding to the reduction reaction of oxygen was [ at -0.45 V and a test electrode 12 ] -0.75 V in the test 
electrode 1 1 in -0.35V and a test electrode 13. 

[0054] The reduction potential of oxygen is shifted to a plus-in -0.75V to -0.35~0.45V side by forming p-CoTAPc on GC, and oxygen 
can be returned more by electropositive potentizd. The test electrode 1 1 of this invention which compound-ized p-CoTAPc 
(electrochemistry catalyst A) and MnOOH (catalyst B) acquired the twice [ about ] as many oxygen reduction peak current value as 
this compared with the test electrode 12 of only p-CoTAPc. Since the reaction cycle to which the oxygen which the hydrogen peroxide 
generated by 2 electronic reduction of oxygen decomposed according to an operation of MnOOH, reproduced oxygen, and reproduced 
according to an operation of p-CoTAPc is returned by p-CoTAPc happens repeatedly and this is equivalent to 4 electronic reduction of 
oxygen, a twice as many peak current value as this considers it to be a ♦♦♦*** thing. That is, at the test electrode 1 1 according to this 
invention, the selectivity near about 100% was able to perform electronic reduction by electropositive potential more. 
[0055] drawing 2 showed the current-time curve at the time of performing a controlled potential electrolysis continuously with each 
summit potential (Ep) about each of test electrodes 11, 12, and 13 - it comes out. as for a current, any test electrode reaches the 
stationary current value (1st) of about 1 law in about 30 seconds after electrolysis initiation. A stationary current value is 25microA in 
the test electrode 1 1 which follows 12-13microA and this invention in the test electrodes 12 and 13 of die example of a comparison. In 
die test electrode 1 1, compared with a test electrode 12 or 13, a twice [ about ] as many stationary current value as this is given, and 
oxygen is seemingly returned with the selectivity near about 100% at 4 electronic reactions. 

[0056] Ep value, the 1st value 200 seconds after a controlled potential electrolysis, and the 1st value of 120 hours after were 
collectively shown in Table 1 about each of test electrodes 11, 12, 13, 14, and 15. 

[0057] In addition, the controlled potential electrolysis was performed, blowing oxygen gas into the electrolytic solution. 

[0058] 

[Table 1] 
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[0059] (Example 2) 

(3) The test electrode was produced as a production electrochemistry catalyst A of test electrodes 21 and 22 using GC with a same 
diameter [ the / as an example 1 ] of 6mm, using gamma-MnOOH (mixture of Mn 304 and Mn508) as a cobalt-tetra-amino 
phthalocyanine (CoTAPc) and a catalyst B. 

[0060] After being dropped so that all the fields where GC exposed Smicro of N and N* solutions 1 which dissolved in - 
dimethyl formamide (DMF) for CoTAPc of ImM might be covered, the test electrode 22 which has CoTAPc on a front face by 
carrying out warm air desiccation for 2 hours was created. Next, warm air desiccation is dropped and carried out, ethanol was 
evaporated so that the whole surface of GC which has CoTAPc for Smicro of ethanol solutions 1 which distributed 25micro of gamma- 
MnOOH powder g times, and dissolved Nafion 0.05% of the weight might be covered, 5micro of these solutions was dropped further 1 
times, ethanol was evaporated, and the test electrode 21 according to this invention which has CoTAPc and MnOOH on a front face 
was produced. 

[0061] (4) 3 pole eel which uses as a working electrode the test electrode produced according to the process beyond evaluation of the 
oxygen reduction property of a test electrode, and uses a counter electrode and an Ag/AgCI (saturation KCl) electrode as a reference 
electrode for platinum was constituted, and the reduction property of oxygen was evaluated. The O.IM phosphoric acid buffer solution 
of pH7.4 was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / it / under / 
electrolytic-solution / leading ] for 30 minutes in oxygen gas. The potential of a working electrode was increased at the rate of 50 
mV/s toward OV, when it decreased at the rate of 50 mV/s from +0.1V to -1,2V to the reference electrode and having been amounted 
to -1 .2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the potential of 
a working electrode at this time. 

[0062] The test electrode 21 of this invention which compound-ized CoTAPc (electrochemistry catalyst A) and MnOOH (catalyst B) 
gave the twice [ about ] as many oxygen reduction peak current value as this compared with the test electrode 22 of only CoTAPc. The 
summit potential (Ep) of the reduction current corresponding to the reduction reaction of oxygen was shown in Table 1, In a test 
electrode 21, it is -0.35 V at -0.40 V and a test electrode 22. The reduction potential of oxygen is shifted to a plus-in -0.75 V to -0.40— 
0.35 V side, and can return oxygen by electropositive potential more. 

[0063] Next, the controlled potential electrolysis was continuously performed with each summit potential (Ep) about each of test 
electrodes 21 and 22. The 1st value after a controlled potential electrolysis is shown in Table 1. Stationary current values are 26microA 
(after 200 seconds), and 1 Smicro A (120 hours after) in the test electrode 21 which follows this invention in the test electrode 22 of the 
example of a comparison to being 12microA (after 200 seconds), and 6microA (120 hours after). In the test electrode 21, compared 
with a test electrode 22, a twice [ about ] as many stationary current value as this is given, and oxygen is returned with the selectivity 
near about 100% at 4 electronic reactions. 
[0064] (Example 3) 

(5) The test electrode was produced using GC with a same diameter [ the / as an example 1 ] of 6mm, using gamma-MnOOH (mixture 
of Mn 304 and MnSOS) as the cobalt-hexa deca fluoro phthalocyanine (CoHFPc) which has the structure expression shown in 2 as 
a production electrochemistry catalyst A of test electrodes 3 1 and 32, and a catalyst B. 
[0065] 
[Formula 2] 
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[0066] After being dropped so that all the fields where GC exposed Smicro of 1 DMF solutions 1 which dissolved CoHFPc of mM in 
DMF might be covered, warm air desiccation was carried out for 2 hours, the Smicro of the still more nearly same DMF solutions 1 
was dropped, and the test electrode 32 which has CoHFPc on a front face was produced by canying out warm air desiccation for 2 
hours. 

[0067] Once it was dropped so that all the fields where GC, on the other hand, exposed Smicro of solutions 1 which distributed the 
gamma-MnOOH powder of SOmicrog in said DMF solution might be covered, warm air desiccation was carried out for 2 hours. 
Furthermore, the test electrode 3 1 which follows this invention which uses CoHFPc and MnOOH as a front face by dropping and 
carrying out warm air desiccation and evaporating DMF so that the whole surface of GC which has CoHFPc for said DMF solution 
may be covered was produced. 

[0068] (6) 3 pole eel which uses as a working electrode the test electrode produced according to the process beyond evaluation of the 
oxygen reduction property of a test electrode, and uses a counter electrode and an Ag/AgCl (saturation KCl) electrode as a reference 
electrode for platinum was constituted, and the reduction property of oxygen was evaluated. The O.IM phosphoric acid buffer solution 
of pH7.4 was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / it / under / 
electrolytic-solution / leading ] for 30 minutes in pure oxygen gas. The potential of a working electrode was increased at the rate of 50 
mV/s toward OV, when it decreased at the rate of 50 mV/s from +0. IV to -1.2V to the reference electrode and having been amounted 
to - 1 .2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the potential of 
a working electrode at this time. 

[0069] In the test electrode 31 according to this invention which compound-ized CoHFPc (electrochemistry catalyst A) and MnOOH 
(catalyst B), the twice [ about ] as many oxygen reduction peak current value as this was given compared with the test electrode 32 of 
only CoHFPc. The summit potential (Ep) of the reduction current corresponding to the reduction reaction of oxygen is shown in Table 
1 . In a test electrode 3 1, it is -0.15V at -0.20V and a test electrode 22. The reduction potential of oxygen is shifted to a plus-in -0.75 V 
to -0.15~0.20V side, and can return oxygen by electropositive potential more. 

[0070] Next, the controlled potential electrolysis was continuously performed with each summit potential (Ep) about each of test 
electrodes 3 1 and 32. The 1st value 200 seconds after a controlled potential electrolysis is shown in Table 1. A stationary current value 
is 1 SmicroA in the test electrode 3 1 which follows this invention to being SmicroA in the test electrode 22 of the example of a 
comparison. In the test electrode 3 1 , compared with a test electrode 32, a twice [ about ] as many stationary current value as this is 
given, and oxygen is seemingly returned with the selectivity near about 100% at 4 electronic reactions. 
[0071] (Example 4) 

(7) The test electrode was produced as a production electrochemistry catalyst A of test electrodes 41 and 42 using GC with a same 
diameter [ the / asan example 1 ] of 6mm to ** 3, using gamma-MnOOH (mixture of Mn 304 and Mn508) as the cobalt-tetra- 
carboxy phthalocyanine (CoCOOHPc) which showed the structure expression, and a catalyst B. 
[0072] 



[0073] After being dropped so that all the fields where GC exposed 5micro of 1 DMF solutions I which dissolved CoCOOHPc of mM 
in DMF might be covered, the test electrode 42 which has CoCOOHPc on a front face was produced by carrying out warm air 
desiccation for 2 hours, and the 5micro of the still more nearly same DMF solutions 1 being dropped, and carrying out warm air 
desiccation for 2 hours. 
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[0074] The test electrode 41 according to this invention which warm air desiccation is dropped and carried out, and DMF is 
evaporated, and has CoCOOHPc and MnOOH on a front face so that the whole surface of GC which has CoCOOHPc which, on the 
other hand, created Smicro of solutions 1 which distributed the gamma-MnOOH powder of SOmicrog in said DMF solution by 
dropping and carrying out warm air desiccation of the Smicro of said DMF solutions 1 only at once for 2 hours may be covered was 
produced. 

[0075] (8) 3 pole eel which uses as a working electrode the test electrode produced according to the process beyond evaluation of the 
oxygen reduction property of a test electrode, and uses a counter electrode and an Ag/AgCl (saturation KCl) electrode as a reference 
electrode for platinum was constituted, and the reduction property of oxygen was evaluated. The O.IM phosphoric acid buffer solution 
of pH7.4 was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / it / under / 
electrolytic-solution / leading ] for 30 minutes in oxygen gas. The potential of a working electrode was increased at the rate of 50 
mV/s toward OV, when it decreased at the rate of 50 mV/s from +0.1V to -1.2V to the reference electrode and having been amounted 
to -1 .2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the potential of 
a working electrode at this time. 

[0076] In the test electrode 41 according to this invention which compound-ized CoCOOHPc (electrochemistry catalyst A) and 
MnOOH (catalyst B), the twice [ about ] as many oxygen reduction peak current value as this was given compared with the test 
electrode 42 of only CoCOOHPc. The summit potential (Ep) of the reduction current corresponding to the reduction reaction of 
oxygen is shown in Table 1. In a test electrode 41, it is -0.05 V at -0.15V and a test electrode 42. The reduction potential of oxygen is 
shifted to a plus-in -0.75V to -0.05— 0.15V side, and can return oxygen by electropositive potential more. 
[0077] Next, the controlled potential electrolysis was continuously performed with each summit potential (Ep) about each of test 
electrodes 41 and 42. The 1st value 200 seconds after a controlled potential electrolysis is shown in Table 1. A stationary current value 
is 20microA in the test electrode 41 which follows this invention to being 1 ImicroA in the test electrode 42 of the example of a 
comparison. In the test electrode 41, compared with the test electrode 42, the twice [ about ] as many stationary current value as this 
was given, and oxygen was seemingly returned with the selectivity near about 100% at 4 electronic reactions. 
[0078] (Example 5) 

(9) The test electrode was produced as a production electrochemistry catalyst A of test electrodes 51 and 52 using GC with a same 
diameter [ the / as an example 1 ] of 6mm to 4, using gamma-MnOOH (mixture of Mn 304 and Mn508) as the cobalt-octabutoxy 
phthalocyanine (CoOBuPc) which showed the structure expression, and a catalyst B. 
[0079] 
[Formula 4] 

BuO OBu 




[0080] CoOBuHPc of ImM was dissolved in DMF which dissolved the Polly 4-vinylpyridine of oxygen permeability 0.05% of the 
weight. After being dropped so that all the fields where GC exposed 5micro of this DMF solution I might be covered, the test electrode 
52 which has CoOBuPc on a front face was created by carrying out warm air desiccation for 2 hours, and the Smicro of the still more 
nearly same DMF solutions 1 being dropped, and carrying out warm air desiccation for 2 hours. After being dropped so that all the 
fields where GC, on the other hand, exposed Smicro of solutions 1 which distributed SOmicro of gamma-MnOOH powder g in said 
DMF solution might be covered, warm air desiccation was carried out for 2 hours. The test electrode 51 which follows this invention 
which has CoOBuPc and MnOOH on a front face by dropping and carrying out warm air desiccation and evaporating DMF in the 
Smicro of the still more nearly same solutions I was produced. 

[0081] (10) 3 pole eel which uses as a working electrode the test electrode produced according to the process beyond evaluation of the 
oxygen reduction property of a test electrode, and uses a counter electrode and an Ag/AgCl (saturation KCl) electrode as a reference 
electrode for platinum was constituted, and the reduction property of oxygen was evaluated. The O.IM phosphoric acid buffer solution 
of pH7.4 was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / it / under / 
electrolytic-solution / leading ] for 30 minutes in pure oxygen gas. The potential of a working electrode was increased at the rate of 50 
mV/s toward OV, when it decreased at the rate of 50 mV/s from +0.1V to -1.2V to the reference electrode and having been amounted 
to -1.2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the potential of 
a working electrode at this time. 

[0082] In the test electrode 5 1 according to this invention which compound-ized CoOBuPc (electrochemistry catalyst A) and MnOOH 
(catalyst B), the twice [ about ] as many oxygen reduction peak current value as this was given compared with the test electrode 52 of 
only CoCOOHPc. The summit potential (Ep) of the reduction current corresponding to the reduction reaction of oxygen is shown in 
Table 1 . In a test electrode 51, it is -0.25 V at -0.35 V and a test electrode 52. The reduction potential of oxygen is shifted to a plus-in - 
0.75V to -0.3 5-0.25 V side, and can return oxygen by electropositive potential more. 

[0083] Next, the controlled potential electrolysis was continuously performed with each summit potential (Ep) about each of test 
electrodes 5 1 and 52. The 1st value 200 seconds after a controlled potential electrolysis is shown in Table 1 , A stationary current value 
is 28microA in the test electrode 5 1 which follows this invention to being 16microA in the test electrode 52 of the example of a 
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comparison. In the test electrode 51, compared with the test electrode 52, the twice [ about ] as many stationary current value as this 
was given, and oxygen was seemingly retximed with the selectivity near about 100% at 4 electronic reactions. 
[0084] (Example 6) 

(11) The test electrode was produced using GC with a same diameter [ the / as an example 1 ] of 6mm using p-CoTAPc, CoHFPc, 
CoCOOHPc, CoOBuPc, and the catalase that is a hydrogen-peroxide dialytic ferment as a catalyst B as a production electrochemistry 
catalyst A of test electrodes 61, 62, 63, 64, 65, and 66, 

[0085] It replaced with MnOOH used for test electrodes 21,31,41, and 5 1 as a catalyst B, and test electrodes 61, 62, 63, and 64 were 
produced by the same approach as the production approach of test electrodes 21,31,41, and 5 1 except having used the catalase. 
[0086] Moreover, the test electrode 65 was produced by the same approach as the production approach of a test electrode 14 except 
having replaced with MnOOH used as a catalyst B of a test electrode 14, and having used the catalase. 

[0087] Moreover, the test electrode 66 was produced by the same approach as the production approach of a test electrode 15 except 
having replaced with MnOOH used as a catalyst B of a test electrode 15, and having used the catalase. 

[0088] (12) 3 pole eel which uses as a working electrode the test electrode produced at the process beyond evaluation of the oxygen 
reduction property of a test electrode, and uses a counter electrode and an Ag/AgCI (saturation KCi) electrode as a reference electrode 
for platinum was constituted, and the reduction property of oxygen was evaluated. The O.IM phosphoric acid buffer solution of pH7.4 
was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / it / under / during 30 
minutes / electrolytic-solution / leading ] in oxygen gas. The potential of a working electrode was increased at the rate of 50 mV/s 
toward OV, when it decreased at the rate of 50 mV/s from +0.1V to -1.2V to the reference electrode and having been amounted to - 
1.2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the potential of a 
working electrode at Uiis time. 

[0089] In the test electrodes 61, 62, 63, and 64 according to this invention which compound-ized the electrochemistry catalyst A and 
Catalyst B, the twice [ about ] as many oxygen reduction peak current value as this was given compared with the test electrodes 22, 32, 
42, and 52 which do not include Catalyst B. The summit potential (Ep) of the reduction current corresponding to the reduction reaction 
of oxygen is shown in Table 1 . The reduction potential of oxygen is shifted to a plus-in -0.75 V to -0.35~0.05V side, and can return 
oxygen by electropositive potential more. 

[0090] Next, the controlled potential electrolysis was continuously performed with each summit potential (Ep) about each of test 
electrodes 61, 62, 63, 64, 65, and 66. The 1st value 200 seconds after a controlled potential electrolysis is shown in Table 1. A 
stationary current value is 18-30microA in the test electrodes 61, 62, 63, 64, 65, and 66 according to this invention. Compared with the 
test electrodes 22, 32, 42, and 52 which do not include Catalyst B, the twice [ about ] as many stationary current value as this was 
given, and oxygen was seemingly returned with the selectivity near about 100% at 4 electronic reactions. 
[0091] (Example 7) 

(13) The test electrode was produced using GC with a same diameter [ the / as an example 1 ] of 6mm as a production 
electrochemistry catalyst A of test electrodes 71, 72, 73, 74, 75, and 76, using perovskite oxide La0.8Sr0.2MnO3 as p-CoTAPc, 
CoHFPc, CoCOOHPc, CoOBuPc, and a catalyst B. 

[0092] It replaced with MnOOH used for test electrodes 21,31,41,and51asa catalyst B, and test electrodes 7 1 , 72, 73, and 74 were 
produced by the same approach as the production approach of test electrodes 21, 31, 41, and 51 except having used La0.8Sr0.2MnO3. 
[0093] Moreover, it replaced with MnOOH used for the test electrode 14 as a catalyst B, and the test electrode 75 was produced by the 
same approach as the production approach of a test electrode 14 except having used La0.8Sr0.2MnO3. 

[0094] Moreover, it replaced with MnOOH used for the test electrode 1 5 as a catalyst B, and the test electrode 76 was produced by the 
same approach as the production approach of a test electrode 15 except having used La0.8Sr0.2MnO3. 

[0095] (14) 3 pole eel which uses as a working electrode the test electrode produced according to the evaluation above-mentioned 
process of the oxygen reduction property of a test electrode, and uses a counter electrode and an Ag/AgCl (saturation KCI) electrode 
as a reference electrode for platinum was constituted, and the reduction property of oxygen was evaluated. The O.IM phosphoric acid 
buffer solution of pH7.4 was used for the electrolytic solution. Electrolysis was performed after dissolved oxygen was saturated [ be / 
it / under / electrolytic-solution / leading ] for 30 minutes in oxygen gas. The potential of a working electrode was increased at the rate 
of 50 mV/s toward OV, when it decreased at the rate of 50 mV/s from +0.1V to -1.2V to the reference electrode and having been 
amounted to -1 .2V, and the electrolytic current which flows between a working electrode and counter electrodes was recorded to the 
potential of a working electrode at this time. 

[0096] In the test electrodes 71, 72, 73, 74, 75, and 76 according to this invention which compound-ized the electrochemistry catalyst 
A and Catalyst B, the twice [ about ] as many oxygen reduction peak current value as this was given compared with the test electrodes 
22, 32, 42, and 52 which do not include Catalyst B. The summit potential (Ep) of the reduction current corresponding to the reduction 
reaction of oxygen is shown in Table 1. The reduction potential of oxygen is shifted to a plus-in -0.75V to -0.40-0. lOV side, and can 
return oxygen by electropositive potential more. 

[0097] Next, the controlled potential electrolysis was continuously performed with each summit potential (Ep) about each of test 
electrodes 71, 72, 73, 74, 75, and 76. The 1st value 200 seconds after a controlled potential electrolysis is shown in Table 1. A 
stationary current value is 16-28microA in the test electrodes 71, 72, 73, 74, 75, and 76 according to this invention. Compared with the 
test electrodes 22, 32, 42, and 52 which do not include Catalyst B, the twice [ about ] as many stationary current value as this was 
given, and oxygen was seemingly returned with the selectivity near about 100% at 4 electronic reactions. 

[0098] The test electrode which replaces a part and is equivalent to test electrodes 71-74 is produced, in addition, it is all in iron (Fe) 
and manganese (Mn) about the cobalt (Co) of a central metal — it is — the effectiveness as the test electrode using the metal complex 
of cobalt (Co) that a central metal is almost the same when an oxygen reduction property is evaluated, i.e., the reduction potential of 
oxygen, — ** (plus) — it shifted to the direction and the twice [ about ] as many peak current value as this and the stationary current 
value were acquired. 
[0099] (Example 8) 

(13) The generation-of-electrical-energy eel A of a configuration of being shown in assembly drawing 3 of a generation-of-electrical- 
energy eel and the generation-of-electrical-energy eel B were assembled, 

[0 100] In the generation-of-electrical-energy eel A, the air pole (6) which act as a positive electrode embed the mixture which become 
♦* 3 from the Mn203 powder 2 weight section which installed the cobalt tetra-carboxy phthalocyanine (CoCOOHPc) which showed 
the structure expression 2.0% of the weight, the activated carbon powder 1 weight section, the acetylene black powder 0.3 weight 
section, and the polytetrafluoroethylene (PTFE) binder 0.2 weight section on a nickel screen with a thickness of 0.2mm, made it hold, 

and be produced. 

[0101] The photocatalyst electrode which acts as a negative electrode consisted of glass substrate (1) ITO thin film (2) Ti02 particle 
film (3) and a coloring matter molecule. The light transmission nature conductivity substrate with which the indium and the stannic 
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acid ghost (ITO) thin film of 10 ohms / ** (2) were formed for surface electrical resistance on the glass substrate (1) with a thickness 
of 1mm was prepared, and the acetonitrile solution which contains the polyethylene glycol which distributed Ti02 particle whose 
mean diameter is lOnm 1 1% of the weight 30% of the weight was applied on the ITO thin film by dip coating. After drying this at 80 
degrees C, the Ti02 particle film (3) with a thickness of about 10 micrometers was formed by heating at 400 degrees C in air for 1 
hour. Next, the coloring matter molecule was installed on the Ti02 particle film by being immersed into the ethanol which carried out 
lOmM dissolution of the ruthenium metal complex coloring matter molecule which showed structure to ** 5 for the Ti02 particle 
film. Furthermore, the photocatalyst electrode was produced by drying it, after being immersed in a 4-tert-butyl pyridine, and washing 
this by the acetonitrile. In addition, 12 is a sealing agent which consists of silicone rubber of transparence. 
[0102] 
[Formula 5] 

COOH 



NCS 



NCS 



COOH 

[0103] What carried out the glucose as the electrolytic solution and fuel liquid (5) at O.IMKOH water solution, and carried out 5mM 
dissolution of 50mM(s) and the NADH as a carbohydrate was used. The electrolytic solution and fuel liquid (5) are poured in from the 
electrolytic solution and a fuel liquid inlet (8a), and is discharged from an exhaust port (8b) after a generation of electrical energy. Air 
is supplied to the interior of a generation-of-electrical-energy eel from the exterior through the oxygen permeability hydrofuge film 
(7). 

[0104] Except having used the air pole using Mn 203 which does not install CoCOOHPc, the generation-of-elcctrical-energy eel B 
was produced so that it might become the same configuration as the gene ration-of-electrical -energy eel A, 

[0105] A photocatalyst electrode generates optical active species (S+) and an electron by optical exposure. S+ returns an electron from 
NADH (reductant) to reception and the original ground state kind (S). NADH which passed the electron serves as an oxidant (NAD+), 
and this NAD+ oxidizes the glucose (C6H1206) which is a fuel, and returns an electron from a glucose to reception NADH. The 
electron generated with the photocatalyst electrode reaches the oxygen pole which is a positive electrode through an external circuit, 
and is used for the reduction reaction of oxygen (02). The following reaction formulae show the above generation-of-electncal -energy 
reaction. 

<Negative electrodo S -> S+ + e - (to external circuit) 

NADH + S+ -> NAD+ + S NAD+ + C6H1206 -> NADH + C6H1 106 + H+ (to positive electrode) 

<Positive electrode> 1 / 202 + e- (from an external circuit) + H+(from negative electrode) -> 1/2H20 <a whole reaction> C6H1206 + 
1 / 202 -> C6H1 106 + 1/2H20 [0106] (14) After filling with the electrolytic solution and ftiel liquid the generation-of-electrical- 
energy eel produced according to the operating-characteristic above-mentioned process of a generation-of-clcctrical-energy eel, the 
light from a sunlight simulator (AM 1.5, 100 mW/cm2) was irradiated from the glass substrate (1) side, and the electrical potential 
difference of a generation-of-electrical-energy eel at the time of discharging for 20 minutes witii the electromotive force (OCV) of a 
generation-of-electrical -energy eel and the fixed current of lOOmicroA was measured. OCV was 1.20V in 1.30V and the generation- 
of-electrical-energy eel B in the generation-of-electrical-energy eel A. Moreover, the electrical potential difference of the generation- 
of-electrical -energy eel after discharge was l.OV in 1.20V and the generation-of-electrical-energy eel B for 20 minutes in the 
generation-of-electrical-energy eel A. 

[0107] In the generation-of-electrical-energy eel A which has the oxygen reduction composite electrode of this invention, while high 
electromotive force was acquired compared with the generation-of-electrical-energy eel B, even if it faced discharge, the high 
electrical potential difference was maintainable. 
[0108] (Example 9) 

(Fuel cell) The oxygen reduction composite electrode of this invention can be used for an air pole, a negative electrode can be used as 
a fuel electrode, an air pole and a fuel electrode can be connected through the ion exchange membrane of proton conductivity, and a 
fiiel cell can be constituted. 

[0109] Drawing 4 is the mimetic diagram showing an example of the structure of a fuel cell. The single eel 20 of a fuel cell is 
connected through the electrolyte 23 of proton conductivity [ fuel electrode / 22 / an air pole 21 and ]. To an air pole 21, air is supplied 
from the air supply opening 24, and it is exhausted from the air exhaust port 25 after a reaction. On the other hand, to a fuel electrode 
22, the fuel gas which contains hydrogen from the fuel feed hopper 26 is supplied, and it is exhausted from the fuel exhaust port 27 
after a reaction. Here, the following reaction formulae show a generation-of-electrical -energy reaction. 
<Negative electrode> H2 -> 2H+ + 2e - (to external circuit) 

<Positive electrode> 1 / 202 + 2H+ + 2c- (from an external circuit) -> H20 [0110] The sheet-like air pole which kneads the mixture 
which consists of the Mn203 powder 2 weight section which installed the cobalt tetra-carboxy phthalocyanine (CoCOOHPc) which 
showed the structure expression 2.0% of the weight, the activated carbon powder 1 weight section, the acetylene black powder 0.3 
weight section, and the PTFE binder 0.2 weight section to ** 3, rolls out to it, and grows into it can be used for an air pole. On the 
other hand, the sheet-like fuel electrode which rolls [ adds a PTFE binder, kneads and ] out and grows into the carbon particle which 
made the platinum of the specified quantity support can be used for a fuel electrode. Subsequently, for example, a sheet-like air pole 
and a sheet-like fuel electrode are stuck to both sides of the proton conductivity ion exchange membrane of Nafion 112 grade by 
pressure, it unites with them, and a single eel is produced. Or apply liquefied ion exchange membrane to one side of an air pole and a 
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fuel electrode, and it is made to dry and solidify it, and an air pole and a fuel electrode can be stuck by pressure, and it can also be 
made to unify through the solidified ion exchange membrane after that In addition, two or more laminatings of the cell produced by 
the above-mentioned approach can be carried out, and a stack can also be constituted. 

[01 1 1] By using the oxygen reduction composite electrode of this invention for a positive electrode, electromotive force and a fuel cell 
with the high cell voltage at the time of discharge can be obtained compared with the former. 
[01 12] (Example 10) 

(Air cell) An air cell can be constituted by using the oxygen reduction composite electrode of this invention for a positive electrode, 
and using metals, such as zinc, magnesium, and aluminum, for a negative electrode. For example, the air zinc cell which used zinc for 
the negative electrode is producible by the following approaches. 

[0113] drawing 5 shows an example of the structure of an air cell - it is a notching sectional view a part. The laminating of the oxygen 
permselective membrane 35, the water-repellent film 34, an air pole 31, and the separator 33 is carried out to the metal positive- 
electrode case 37 where it has a vent 36 at the pars basilaris ossis occipitalis, one by one from the base side. On the other hand into the 
metal negative-electrode case 38, zinc powder, a gelling agent, and the negative electrode 32 containing the alkali electrolytic solution 
are held, and it insulates and obturates the positive-electrode case 37 and the negative-electrode case 38 through the gasket 39. 40 is an 
adhesion seal which closes a vent 36. Here, the water-repellent film plays the role which prevents the oxygen supply to an air pole, and 
the liquid spill to the cell exterior of the electrolytic solution. In addition, the following reaction formulae show a generation-of- 
electrical-energy reaction. 

<Negative electrodO Zn + 20H- -> Zn2 (OH) + 2e - (to external circuit) 

<Posilive electrode> 1 / 202 +H20 +2e- (from an external circuit) -> 2OH-[01 14] What the air pole which acts as a positive electrode 
was made to embed and hold the mixture which becomes ** 3 from the Mn203 powder 2 weight section which installed the cobalt 
tetra-carboxy phthalocyanine (CoCOOHPc) which showed the structure expression 2.0% of the weight, the activated carbon powder 1 
weight section, the acetylene black powder 0.3 weight section, and the PTFE binder 0.2 weight section on a nickel screen with a 
thickness of 0.2mm, and produced it to it can be used. 

[0115] Next, the laminating of oxygen permselective membrane, the water-repellent film, an air <DP N=0014> pole, and the separator 
is carried out to the metal positive-electrode case where it has a vent at the pars basilaris ossis occipitalis, one by one from a base side. 
On the other hand, the negative electrode which contains zinc powder, a gelling agent, and the alkali electrolytic solution as a 
negative-electrode active material is held in a metal negative-electrode case. Subsequently, a positive-electrode case and a negative- 
electrode case are insulated and sealed through a gasket. 

[0116] By using the oxygen reduction composite electrode of this invention for a positive electrode, electromotive force and the cell 
voltage at the time of discharge can obtain an air cell high about 0.5v from 0,1V compared with the former. 

[0117] In addition, although this example 10 showed the example which used zinc to the negative electrode, when replacing with zinc 
and using magnesium or aluminum, it can produce by the same approach as this example 10, and has the same effectiveness. 
[0118] 

[Effect of the Invention] According to this invention, the oxygen reduction composite electrode which is used for an oxygen pole or an 
air pole of electrochemistry devices, such as fuel cells, such as air cells, such as a zinc-air cell using the reduction reaction of oxygen 
as a positive-electrode reaction, an aluminum-air cell, and a sugar-air cell, and an oxygen hydrogen fuel cell, a methanol fuel cell, etc. 
and which was excellent also in the stability which gives 4 electronic reduction reaction with the selectivity near 100% seemingly to 
electrochemistry reduction of oxygen is offered. 



[Translation done.] 
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♦ NOTICES • 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the current-electrical-potential-differcnce response characteristic of the electrode of this invention. 
[Drawing 2] It is drawing showing the current-time response at the time of the controlled potential electrolysis of the electrode of this 
invention. 

[Drawing 3 ] It is the type section Fig. showing the structure of the generation-of-electrical-energy eel of one example of this invention. 

[Drawing 4] It is the mimetic diagram showing the structure of the fuel cell of one example of this invention. 

[Drawing 5] the structure of the air cell of one example of this invention is shown — it is a notching sectional view a part. 

[Description of Notations] 

1 Glass Substrate, 2 ITO Thin Film, 3 Ti02 Particle Thin Film, 4 A coloring matter molecular layer, 5 The electrolytic solution and 
fuel liquid, 6 An air pole, 7 Oxygen permeability hydrofuge film, 8a The electrolytic solution and a fuel liquid inlet, 8b The 
electrolytic solution and a fuel liquid exhaust port, 9a, 9b Liquid bulb, 10 A negative-electrode lead, 1 1 A positive-electrode lead, 12 
A sealing agent, 20 The single eel of a fuel cell, 21 An air pole, 22 A fuel electrode, 23 An electrolyte, 24 Air supply opening, 25 An 
air exhaust port, 26 A fuel feed hopper, 27 A fuel exhaust port, 30 Air cell, 3 1 An air pole, 32 A negative electrode, 33 A separator, 34 
The water-repellent film, 35 Oxygen permselective membrane, 36 A vent, 37 A positive-electrode case, 38 A negative-electrode case, 
39 A gasket, 40 Pressure sensitive adhesive sheet. 

[Translation done.] 
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DRAWINGS 
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[Procedure revision] 

[Filing Date] January 18, Heisei 17 (2005. 1.18) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

The electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which generates a hydrogen 
peroxide by electrochemistry reduction of oxygen 

It is the composite electrode for oxygen reduction which contains the catalyst B which carries out the catalyst of the decomposition 
reaction which disassembles the generated hydrogen peroxide and generates oxygen at least, 

The electrode potential of the above-mentioned composite electrode is the oxygen reduction potential of the electrochemistry catalyst 
A, and the electrochemistry catalyst A returns two electrons of oxygen reproduced by Catalyst B decomposing a hydrogen peroxide, 
and it repeats and generates a hydrogen peroxide, 

The above-mentioned electrochemistry catalyst A and Catalyst B are held at a conductive base material, and change. 

The composite electrode for oxygen reduction which insulates Catalyst B electrically and changes so that an electron may not move 

through direct or an electronic conductor between the above-mentioned catalyst B, a conductive base material, and/or the 

electrochemistry catalysts A. 

[Claim 2] 

The composite electrode for oxygen reduction according to claim 1 which is the metal complex which has the ligand L configurated in 
the central metal atom alpha by which the above-mentioned electrochemistry catalyst A is expressed with alphaLn (the number of the 
ligands which n configurates), and this metal atom alpha. 
[Claim 3] 

The composite electrode for oxygen reduction according to claim 2 whose ligand of the above-mentioned metal complex is the single 
seat which has a nitrogen atom, or a multidentate ligand. 
[Claim 4] 

The composite electrode for oxygen reduction according to claim 3 with which the above-mentioned ligand has a porphyrin ring or a 

phtalo cyanogen ring. 

[Claims] 

The composite electrode for oxygen reduction according to claim 4 with which the above-mentioned Pori Phi Lynne ring or an above- 
mentioned phtalo cyanogen ring has the substituent of polymerization nature. 
[Claim 6] 

The composite electrode for oxygen reduction according to claim 1 which is the metallic oxide by which the above-mentioned catalyst 
B is expressed with a hydrogen-peroxide dialylic ferment or belaOx (atomic number of the oxygen beta is decided by the metallic 
element and it is decided with the valence of a metallic element that x will be). 
[Claim 7] 

The composite electrode for oxygen reduction according to claim 6 whose above-mentioned metallic oxide is a manganic acid ghost 
expressed with a perovskite oxide or MnOy (atomic number of the oxygen it is decided with the valence of manganese that y will be). 
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[Claim 8] 

a metallic material, a carbon material, a metallic oxide, and the metal complex that has the ligand L configurated in the central metal 
atom alpha expressed with alphaLn (the number of the ligands which n configurates), and this metal atom alpha — since — the 
electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which is one sort chosen from the 
group which changes, and generates a hydrogen peroxide by the electrochemical reduction of oxygen 

It consists of the metallic oxide expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number of the oxygen beta is 
decided by the metallic element and it is decided with the valence of a metallic element that x will be), and the catalyst B which carries 
out the catalyst of the decomposition reaction which disassembles the hydrogen peroxide generated according to the electrochemistry 
catalyst A, and generates oxygen is included at least. 

The above-mentioned electrochemistry catalyst A and Catalyst B are held at a conductive base material, and change, 

The composite electrode for oxygen reduction which insulates Catalyst B electrically and changes so that an electron may not move 

through direct or an electronic conductor between the above-mentioned catalyst B, a conductive base material, and/or the 

electrochemistry catalysts A. 

[Claim 9] 

The composite electrode for oxygen reduction according to claim 8 with which the above-mentioned electrochemistry catalyst A 
serves as a conductive base material. 
[Claim 10] 

The oxygen reduction composite electrode according to claim 8 with which the polymer of proton conductivity distributes and the 
above-mentioned catalyst B changes. 
[Claim 11] 

The above-mentioned electrochemistry catalyst is a metal complex which has the ligand L configurated in the central metal atom alpha 
expressed with alphaLn (the number of the ligands which n configurates), and this metal atom alpha. 

The composite electrode for oxygen reduction according to claim 8 whose ligand of the above-mentioned metal complex is the single 
seat which has a nitrogen atom, or a multidentate ligand. 
[Claim 12] 

The composite electrode for oxygen reduction according to claim 1 1 with which the above-mentioned ligand has a porphyrin ring or a 
phthalocyanine ring. 
[Claim 13] 

The composite electrode for oxygen reduction according to claim 12 with which the above-mentioned Fori Phi Lynne ring or an 
above-mentioned phtalo cyanogen ring has the substituent of polymerization nature. 
[Claim 14] 

The above-mentioned catalyst B consists of a metallic oxide expressed with betaOx (atomic number of the oxygen beta is decided by 
the metallic element and it is decided with the valence of a metallic element that x will be). 

The composite electrode for oxygen reduction of any one publication of 13 from claim 8 whose above-mentioned metallic oxide is a 
manganic acid ghost expressed with a perovskite oxide or MnOy (atomic number of the oxygen it is decided with the valence of 
manganese that y will be). 
[Claim 15] 

The above-mentioned metallic oxide is a perovskite oxide, 

The composite electrode for oxygen reduction according to claim 14 whose above-mentioned perovskite oxide is LaxSrl-xMn03 

(x=0-0.5). 

[Claim 16] 

It consists of the composite electrode for oxygen reduction which contains the catalyst B which carries out the catalyst of the 
decomposition reaction which disassembles the electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction 
reaction which generates a hydrogen peroxide by electrochemistry reduction of oxygen, and the generated hydrogen peroxide, and 
generates oxygen at least. 

The electrode potential of the above-mentioned composite electrode is the oxygen reduction potential of the electrochemistry catalyst 
A, 

The positive electrode which the electrochemistry catalyst A returns two electrons of oxygen reproduced by Catalyst B decomposing a 
hydrogen peroxide, and repeats and generates a hydrogen peroxide. 

The negative electrode which carries out oxidation reaction of a negative-electrode active material or the fuel matter. 
Electrolyte, 

It is the generation-of-electrical-energy eel which ****, 

The above-mentioned electrochemistry catalyst A and Catalyst B are held at a conductive base material, and change. 

The generation-of-electrical-energy eel which insulates Catalyst B electrically and changes so that an electron may not move through 

direct or an electronic conductor between the above-mentioned catalyst B, a conductive base material, and/or the electrochemistry 

catalysts A. 
[Claim 17] 

The generation-of-electrical-energy eel according to claim 16 which consists of the metal complex which has the ligand L 
configurated in the central metal atom alpha by which the above-mentioned electrochemistry catalyst A is expressed with alphaLn (the 
number of the ligands which n configurates), and this metal atom alpha, and consists of the metallic oxide by which the above- 
mentioned catalyst B is expressed with a hydrogen-peroxide dialytic ferment or betaOx (atomic number of the oxygen beta is decided 
by the metallic element and it is decided with the valence of a metallic element that x will be). 
[Claim 18] 

It consists of the composite electrode for oxygen reduction which contains the catalyst B which carries out the catalyst of the 
decomposition reaction which disassembles the electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction 
reaction which generates a hydrogen peroxide by electrochemistry reduction of oxygen, and the generated hydrogen peroxide, and 
generates oxygen at least. 

The electrode potential of the above-mentioned composite electrode is the oxygen reduction potential of the electrochemistry catalyst 
A, 

The positive electrode which the electrochemistry catalyst A returns two electrons of oxygen reproduced by Catalyst B decomposing a 
hydrogen peroxide, and repeats and generates a hydrogen peroxide, 

The negative electrode which carries out oxidation reaction of a negative-electrode active material or the fuel matter. 
Electrolyte, 
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It is the drive approach of a gcncration-of-electrical-energy eel of ****(ing). 

The above-mentioned electrochemistry catalyst A and Catalyst B are held at a conductive base material, and change, 

Catalyst B is insulated electrically and it changes so that an electron may not move through direct or an electronic conductor between 

the above-mentioned catalyst B, a conductive base material, and/or the electrochemistry catalysts A, 

The drive approach of the above-mentioned generation-of-electrical-energy eel. 

The molecule which is excited by light absorption and oxidizes a carbohydrate electrochemically is given to either [ at least ] the 
above-mentioned negative electrode or the electrolyte, 

The drive approach of a generation-of-electrical-energy eel of supplying a carbohydrate to this molecule with Mitsuteru putting, 
making a carbohydrate oxidizing with this molecule in a negative electrode, and having the process which generates electromotive 
force between a positive electrode and a negative electrode. 
[Claim 19] 

The generation-of-eleetrical -energy eel according to claim 16 which the above-mentioned generation-of-electrical-energy eel is a fuel 
cell, the above-mentioned positive electrode and a negative electrode are used as an air pole and a fuel electrode, respectively, and an 
air pole and a fuel electrode are connected through the ion exchange membrane of proton conductivity, and changes. 
[Claim 20] 

The generation-of-electrical-encrgy eel according to claim 16 using the gap or one sort of metals which the above-mentioned 
generation-of-electrical-energy eel is an air cell, and be chosen as the above-mentioned negative electrode from zinc, magnesium, and 
aluminum. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0007 

[Method of Amendment] Modification 

[The contents of amendment] 

[0007] 

[Means for Solving the Problem] 

In order to solve an above-mentioned technical problem the composite electrode for oxygen reduction of this invention The 

electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction which generates a hydrogen peroxide / 

by electrochemistry reduction of oxygen It is the composite electrode for oxygen reduction which contains the catalyst B which carries 

out the catalyst of the decomposition reaction which disassembles the generated hydrogen peroxide and generates oxygen at least. The 

electrode potential of the above-mentioned composite electrode is the oxygen reduction potential of the electrochemistry catalyst A. 

The electrochemistry catalyst A returns two electrons of oxygen reproduced by Catalyst B decomposing a hydrogen peroxide, a 

hydrogen peroxide is repeated and generated, and the above-mentioned electrochemistry catalyst A and Catalyst B are held at a 

conductive base material, and change. The above-mentioned catalyst B It is characterized by insulating Catalyst B electrically and 

changing so that an electron may not move between a conductive base material and/or the electrochemistry catalysts A through direct 

or an electronic conductor. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0013 

[Method of Amendment] Deletion 

[The contents of amendment] 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[The contents of amendment] 

[0014] 

Preferably, it is that Catalyst B is distributed by the polymer of proton conductivity. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0020 

[Method of Amendment] Modification 

[The contents of amendment] 

[0020] 

A generation-of-electrical-energy eel can be constituted by using the composite electrode for oxygen reduction of this invention as the 
positive electrode of an air cell which considers the reduction reaction of oxygen as a positive-electrode reaction, or a positive 
electrode of a fue! cell. 

Namely, the electrochemistry catalyst A which carries out the catalyst of the 2 electronic reduction reaction whose this invention 
generates a hydrogen peroxide by electrochemistry reduction of oxygen The catalyst B which carries out the catalyst of the 
decomposition reaction which disassembles the generated hydrogen peroxide and generates oxygen Even if few, it consists of the 
composite electrode for oxygen reduction to contain, and the electrode potential of the above-mentioned composite electrode is the 
oxygen reduction potential of the electrochemistry catalyst A. The positive electrode which the electrochemistry catalyst A returns two 
electrons of oj^ygen reproduced by Catalyst B decomposing a hydrogen peroxide, and repeats and generates a hydrogen peroxide, It 
has the negative electrode which carries out oxidation reaction of a negative-electrode active material or the fuel matter, and an 
electrolyte, and the above-mentioned electrochemistry catalyst A and Catalyst B are held at a conductive base material, and change. 
The above-mentioned catalyst B The generation-of-electrical-energy eel which insulates Catalyst B electrically and changes is offered 
so that an electron may not move between a conductive base material and/or the electrochemistry catalysts A through direct or an 
electronic conductor. 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0105 
[Method of Amendment] Modification . 
[The contents of amendment] 
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[0105] 

A photocatalyst electrode generates optical active species (S+) and an electron by optical exposure. S+ returns an electron from 

N ADH (reductant) to reception and the original ground state kind (S). NADH which passed the electron serves as an oxidant (NAD+), 

and this NAD+ oxidizes the glucose (C6H1206) which is a fiiel, and returns an electron fipom a glucose to reception NADH. The 

electron generated with the photocatalyst electrode reaches the oxygen pole which is a positive electrode through an external circuit, 

and is used for the reduction reaction of oxygen (02). The following reaction formulae show the above generation-of-«lectrical-energy 

reaction. 

<Negative electrode> 
S -> S+ + e - (to external circuit) 
NADH + S+ -> NAD+ + S 
NAD+ + C6H1206 -> 

NADH + C6H1 106 + H+ (to positive electrode) 

<Positive electrode> 

1 / 202 + 2e- (from an external circuit) + 2H+(from negative electrode) -> 
H20 

< Whole reaction> 

2C6H 1206 +1/202 -> 2C6H1 106 + H20 



[Translation done.] 
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Abstract of JP2003151567 

PROBLEM TO BE SOLVED: To provide an 
oxygen reduced compound electrode to which 
4-electron reduction reaction is seemingly 



given at the rate of selection near 100% to 
electrochemical reduction of oxygen. 
SOLUTION: The oxygen reducted compound 
electrode is constituted so that at least an 
electrochemical catalyst A, which catalyzes the 
2-electrons reduction reaction, which 
generates hydrogen peroxide by 
electrochemical reduction of oxygen, and the 
catalyst B, which catalyzes the decomposition 
reaction, which decomposes the generated 
hydrogen peroxide, and generates oxygen, 
may be contained. By making the electrode 
potential of the compound electrode for 
oxygen reduction as the oxygen reduction 
potential of the electrochemical catalyst A, the 
electrochemical catalyst A carries out 2- 
electrons reduction to the oxygen reproduced 
by decomposing hydrogen peroxide by the 




catalyst B, then, the hydrogen peroxide is 
generated repeatedly. 
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[0 0 4 2] ^fc, m2 0ft!lj®»%}gfig-r*f::|Sb, M 

JgB^^tr^fStCT'a hViSmo^i^'Jv-. ^J;^tS. 
/ ^- 7 D 7.;i/jJ-v y ^jJ^ U T— ^ c *W 
SLt/^o ^2cDMi®«fC^Dh>jSaiScD'if>'^-%-& 



(7) 
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[0 0 4 3] sfc. fm^MtiK mMmm^?>\,Himm 

^m^^-t^7-h^T^yy^tiiyT-:y^7'h^ (o 

Co 0 4 4] :^§%m<Dmmm7x.mm.-^m.mtmPi--^t:>'it 
■mmmTi>mi^^^!itifr'^:s>o oz (Dmmmii^±^< 

[0 0 4 53 

C*SSM] (*S£^J 1 ) 

( 1 ) IK 12. 13. 14. 15 Of^ia 

SMt¥Mj®AfcLTJl?'J-a/^;l/h-4. 4* . 
4" , 4' " -x h^T^y^^o-^T— >' (p-CoTAP 
c) . toJgBfcLTy-MnOOH (Mna O4 i:Mn 

(GO ^fflV>T*SS^m@^f^fS!Lfco i^-^y 
^^ti. iP^5mm. lSg6mm<3D^L''y 30 

A^SttlL/c4^^T\ Itgl 0mm. S$ 8 0 mm<D>i< V 

[00 4 63 0. iM<D':)A.m7^h^y=^f\^Ty"e—'^ 

A^^g®bfci>';<^;l/X75^^->F (DM SO) jg^K 
tc. fkl fC:^Lfc«3tiC^Wr53/VI/h-4. 4' . 

4" . 4' " -'rV'yy^yyiiui/T—i/ (CoTAPc) 

^. 0. 2mM}ggi-rSCi:T'. S^j^^ft^b/tc CI 

<?3«ft??«4'T'. Gc^f^fflei. &^^nm.. Ag/Ag 4o 

C 1 (I^KC 1) mffi«r#^lt8ih bTlt/K^?Tt\ 
G CtOStbLfcS±»C. p-CoTAPc^Jgfigbfco 
[0 0 4 7]ei?«. G CcOWffi^A g/A g C 1 #BB. 
«@(CjttfU 7°7X0. 5 V*-e,V-l'-fX 1 . 4VOF^ 
•p. 5 0mV/sOjSST*til^5r3 0|5iiglt))IUT-5<l 
tT'. p-CoTAPc^G CO±»Cjgfi!cbfco tn^mfiSlZ 
fcbfco CCT*. p-CoTAPct±. CoTAPc<D4, 4' . 

4" . 4" ' {iio7 5ya*^«Misfb^sttco7s/ 

[0 0 4 8] 50 
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[fki] 




[0 0 4 9] :^fc. :/D h^e^lS©/^— 7;l/:i-a7.;l/ 
>1->>'^5}^U V— (xiJ}?:/ttia : N a f i o n 1 1 2) 
^0. 0 5aa%?§SbfcX^y— ;l/^?g5 M Hi^s y 
-Mn OOHI»5S^2 5 /I g^titU «in^HOxE<Dp-Co 
TAPc% Jgfig L G C Oik® *H ^ <t ^ {cJST b fco of' 
{c. c:n^?aMS:i^bTx^y-;i/^^fg^-&. 
lR|j§?g^5 M 1 rSTb. x^y-;l/;gr^%$-&«iii; 
T*. KS^«®1 l^ftiSbfco 

[00 50] :^{C. y-Mn OOH^i^^-l*fc±IB<iD 
x^/-;l/?g?g;gr5 1 . ^CDG C<0:^S*a-7<t'5tc 
rSTb. x^f/-;l/;gr^fg^-e:SSf^*2lH]^bT. 
i£®im®l 4^{tiab/co 

[005 1] i^{C. y -M n O O H^^?-&rc±ia© 
x^/— ;l/?g?S;&5 M 1 . ^£D^ (A u) 
a^J:3{cJSTb. x^^y-;^;g:Mf^^^i:5S^^^2|5I 
SSJgbT. MSSmSl 5^{^IB!bfco C:C-effll<>fcAu 
Hffitis S*5mm. ttg6 mmoAuy — 
7DOffi%m®U-F^fcg?^b. ffi7a(75®^Sl±l^-ti:fc: 
i^llT'. itgl 0 mm. 8 OmmO/KU'l'S Kiao 
SifDilJ fcSibii A.T?{^iiJ b fc t OT'fe So 

[005 2] ( 2 ) i5S^li8B<DK^S7C#140fF« 

j.;i±<Dig{cj:o{'^iabfcM^«es^. {'fmmm. 
5r5>f«B. A g/A g c 1 (isfDK c 1 ) mm^^mm 

fr5 3@-lr;l'%«fiKbT. ^^o^751$1S*i¥fflib 

r^ommm^\t. pH7. 400. 1 m •? A.^ig®^?g 

^fflt,>rco ^m;?fx^3 o^J-F^H^jgct^fcabTjg^^ 
^%iSftbfc£^)-Stt^^:ffofc„ ■f'Fffl«®<Dllfit^. # 
ga^iitiljItbT+O. Wii^fb-l. 2V{C5 0mV/ 
s03SST'Zg5ii>b. -1. 2Vfc^-r?.i:. OVfciRiA^ 
■:>T5 OmV/sOSST'iiitab. CO^. f-^ffiS^fc 

'lE@b/i:o 

[0 0 5 3] 0 U±. K^a® 1 1 . 12. 1 3lCC)t/^ 

«. ^sjmei i-^«. -0. 4 5 V. w,mw& \ 2-e 

-0. 3 5V. SESi^SS 1 3 T'«> -0. 7 5VT' 



(8) 
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[005 4] p-CoTAPc^r G C ±lcm^t^ Jl fc T% tm 
n'MftWiiLli. -0. 7 5V3b^e)-0. 3 5 0. 4 

m^^^o p-CoTAPc m^itmm^A.) tMnOOH 

mm(o 2 n^aTctc i Lfcig^{t:7j<^*\ m n o 

CO. ^<D4«^il7t(C*iS-r5fci6. 2<gotr-i^ 
MS^«ffii i-et±. J:*)«*m(SiT»m?S7c^sff 1 o 

[0 0 5 5] ia2l±. aS^ttSl 1 . 12, 1 3iD^n 

^n{i:-pi,>T. ^n^'noe-»g{a (e p) T^mfit 



10 



Mtt. ammom^mmi z^js^tf i 3t-{±. i 2~i 
3 /t A. ^mmizu'yw^m® i i T't±. 2 5 at-^ 

^. MS^@l 1 T'(i. 1 2 1 3 Ic^ 

iST'taJ?! 0 0%(c5£l/^S5?^T'a7C^nTl,^.5o 
[00 5 6] UMMM 11. 12. 13. 14, 15<D 

^n^ntcov>T^ E pfit. sm&«®2 0 og>^<D i 

stffi. 1 2 O^H^O I stffl^. aUC$tii)T^L 
[0 0 5 7] Sflffiiim^;«fx^mM^Sfc«X 

[0 0 5 8] 
[Si] 









Ep(V) 

vs. A«/A|!Cl 


i^)£^IB?j£{S 1st. (^A) 


200 


120 ^^S: 


1 1 


p-CoTAPc 


lioOOH 


-0.45 


25 


23 


1 2 






-0. 35 


13 


12 


1 3 


cc 




-0. 75 


13 




1 4 


GC 


UnOOH 


-0. 75 


18 




1 S 


Au 


HiiOOH 


-0. 35 


24 




2 1 


CoTAPe 


UtiOOH 


-0. 40 


26 


15 


2 2 


CoTAPc 




35 


12 


6 


3 1 


CoHFPc 


MnOOH 


-0. 20 


15 




3 2 


CoHFPc 




H). 15 


8 




4 1 


CoCOOHPc 


MnOOH 


-0. L5 


20 




4 2 


CoOCKHlPe 




-0. 05 


11 




5 1 


CoOBuFe 


tfaOOH 


-0.35 


28 




S 2 


CoOBuPc 




-0,2s 


16 




6 1 


O-CoTAPo 




-0-35 


29 




6 2 


CoHFPc 




-0. 15 


18 




6 a 


GoCOOKPc 




-0. OS 


22 




6 4 


CoOBuPc 




-0. 25 


30 




B 5 


GC 




-0. 75 


22 




B 6 


Au 


6f 


-0. 35 


26 




7 1 


p-CoTAPc 




-0.40 


27 




7 2 


CtoHFPc 




-0. 16 


16 




7 3 


CoCOOHPc 




-0. 10 


20 




7 4 


CoOBuPc 




-0. 25 


28 




7 5 


CC 




-0. 75 


2t 




7 6 


Au 


La,..Sro.zl*iO, 


-0.36 


25 





[0 0 5 9] msmz^ 40 

(3) ligi«S2 K 2 2<0f^ia 

(CoTAPc) . MiiB tLT y -Mn OOH (M 
n3 O4 tMns 08 ilO^-^ifSl) ^ffllz-'TMS^tt® 

[0 0 6 0] 1 mMOCoTAPc^N.N" ->?p< ^;l/.-^^;^i:.7 
(DMF) tCj§^b/-crg?g5 /i 1^, GC<DSaL 

f 5 C i:T'CoTAPc«:SffitJ:#t-5gtSI1i@2 2 %ftfigL so 



fco 'if0.n. y-Mn OOHi^»5fe^2 5 M g^ifeb. t!)^ 
0-^-7 -f^v^rO. O 5Ma%}§^Lfcai^fy— ;brS?S 

5 fi 1 ^CoTAPc^Wr 5 G C Oikffi;?ra^ <t 9 (crST 

^5;t I ?gTbX:Jf/-;l/;g:^fi$-li-. CoTAPc i: M n O 
OH>&affitC#-rS*fgB^tcSedMSiBffi2 l^f^iaL 

[00 6 1] ( 4 ) KS^a@co^^iS7cttft<Di¥{Bi 

A g/A g C 1 (®5toK C 1 ) «gB^:#Bga® 



(9) 
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tzo mmm^^it. pH?. 4©o. imk) Mkmmmm. 

mW^icnVr+O. 1V*^S-1. 2VtC5 0mV/ 

s<om&T'r^'P\^. -1. zvicm-t^t. ovicfaii)^ 

oT5 OmV/sCDjiST-tiiinU COSSlx f^mM^t 

[0 0 6 2] CoTAPc («^{t:^ft^A) tMnOOH 
(MjgB) i:*1t-&fbLfc*%B^OMS^m8s2 Ui. Co 10 
TAPc©»0|igi@® 2 2 tetJl'-i. »5{? 2 <SOg?^Jl7t:tf 

gilOtf-d'm{4 (Ep) ^^UC^Lfco ^«®2 1 

T«-o- 4 0V. segim®2 2-eax -o. asvt? 

fc«o ^©STtiltfitfi. -O. 75VA>e,-0. 40 

- — 0. 3 5 vtcrf^xwo^hu <t«?a*atiT 

[0 0 6 3] '^jc. ^mmz K 2 2 ©^n^ntco 

i/^T. ^n^^noirf-^wffi (Ep) T'Sm«i?^a 

^tt^fiitt^ tmm(Dumnm2 zT'it. i 2 ^ a (2 

0 0|3»^ . 6fiA (12 0^F^^ ■Z?fe5(0{C)^U 

*^B^{cSe3K^m@2 1 T'ti. 2 6 /I A (2 0 0f3> 
^) . 1 5 M A (12 G^F^^) T-fe^So M®ll|@2 1 

wtmii^ 4 «?sjST*aj£ 1 0 0 %icj&i,^mimr'm7z-s 

[00 6 4] (mmm 3 ) 
(5) MM^mms K 3 2©f¥ssi 
•aft^febjgAtLT. it2ic^^\.rcmm^^m^^=i 30 

-'^;Vb-'N4^+J-x*7;l/:tD:7:JJD->7:::V (CoHFP 
c) . MjiBi:LTy-MnOOH (M n 3 O4 i:Mn 

5 0 8 t<om^) ^ffli^T^m®*, iias^ji tm 

[0 0 6 5] 
[{k2] 




[0 0 6 6] 1 mM<OCoHFPc^DMF{C}gg¥bft:DMF 
TLfcO^. 2^F^g®SI:j^U ?e.Jc, raUDMFjg 50 
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msfii ^my lt. 2 ^p^taai^-r c i: t% cohf 

Pc?:affiJcWr5SJSiSSi3 2%f^S!bfcc 
[006 7]—:^. 50Mg<Oy-MnOOHl»*?:H>J 

KDMF}§fl$tC^i!{Lfcjg?S5 /I 1 ^GCOSffibfcffi 

GC<0^®«rSeJ:-5teJgTU iSMiaSILTDM F* 
^^^-B-^dtT'. CoHFPcfcMn 0 0Hi:«:a®tC-r5 

[006 8] ( 6 ) MSJ««iOSEi!lS7ic^ttt©l¥<ffi 

A g/A g c 1 (tsfQK c 1 ) mm^mmmm 
fco pH7. 4 00. iiA*yA.mmm\§m. 

^ffl^^fco iS3E^^;?JX^3 0i^f^SPjS4'te:ilCT}g# 

^mmmcMl^X+O. iViJ'^-l. 2V(C50mV 
/s<Dj$«-eJliiJ>L. -1. 2V{ca|-r«i:. OVfcl^ 

A^oT 5 OmV/s £D3lJSTtiiinU COPS. fFfflUgl 

[0069] CoHFPc (f|«ft^ftWgA) ilMnOOH 

(ttjgB) i;>gr«^{l:Lfc2^f|B^tcfie^K]^S®3 IT' 
CoHFPc<05f^^©M^lt®3 2{cS?-<.. l5(?2etDK^ 

•i^7tm^<o\i-i7n&. (Ep) ^guc^^-To ummm 

3 1T'«-0. 2 0 V. Kl^«®2 2Tt±. -0. 15 

vT'fe^o m^coMTtrnmi. -0. 7 5v*>e,-o. 

15 0. 2 0Vlc-:^'77.miCiy'y hV. ittgftW 

[0 0 7 0] mc^ Ks^sei3 1 , 3 2o^n^nico 
^n^'taoe-i^m (Ep) x-mmnL^^m 
mmcn-:>rzo s«(ft«<S2 o ow^<o i stM*s i tc 

^•To ^««ifiEfflt±s J:bKMC»K^«®2 2T'l±. 8 /x 
AT'S5<DfC5*U *fSB^tCfiedKSI«^S3 1 T'(±. 1 
5 M AT*fe«o IS^tt®3 1 X'li. U^MUS 2lc^t^ 

*^2<S©S««j5f[fii*-^iL. SE^*^M*Ht±4f|?S*S 
0 0%{CjfiV>SS^^-Pil7C^nT(/''«o 

[0 0 7 1] (.mmm4) 

(7) M^«®4 K 4 2(Oi^m 

-'rV'yti}\^f^^'yy ^^'yy --y (cocooHPc) . 'mm 

BfcLTy-MnOOH (M n 3 O4 i:Mns Os tcD 
®^) ^ffli/^TM^«®^. ^Sti^iJi i:l5l«cDit@6 
m m<D G C *ffil/>Tf^8S! Lfco 

[0 0 7 2] 

[{t3] 



(10) 
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HOOC 



HOOC 




[0 0 7 3] 1 mMcDCoCOOHPc^DMFJcjgi?brcDM 

msfii *?STLT 2 ^p^^ffliasf 5 1 i: r\ cocooh 

[00 7 4]— 7?. 5 0 /X gOy-Mn OOH^»7^^M 20 

5 II 1 *-s/£it?gTLT2^p^iga$agi-rscfcT?f^ 

figbfcCoCOOHPc^^fS G C (D^ffl^S^ i ^ tC?gT 
iaa^iSbT D M F ^^^^•^CoCOOHPctM n O O 

H ^mmicm^ « JicfiB^ d Ms^wes 4 1 s u 
[00 7 5] ( 8 ) m^mm<ommm7i^^<Dmm 
Ag/Agci (moK c I) wm^mmmmt 

fl:®?ffitc«. pH7. 4 00. 1 M»3A/^^«?g?S^ffl 

v^fco ^**x;&3 o^F^«^?Kct3{cai;T}g#^m^ 

@{C^LT+0. lV3b^?.-l. 2 VfCS 0mV/s<D 
iSjST'Zge^L. -1. 2V{ca-ri.i:s 0V{C[^*^c>T 
5 OmV/stDjlST'tiAaU. «1<DS. 

[0 0 7 6] CoCOOHPc (B^ffc^MigA) tMn OO 

H mmB) t^m-titi.tc:^^mic'^'?m^mm4 1 4o 

(>>C00HPc<Oi!)t<oiSg^^@4 2{C®lf^. S{?2<SO 

-rsjiTc^Siotr-^flffi (Ep) j&suc^-To 

SS41T'ti-0. 1 5 V. tS^ttSl4 21?«. -O. 
0 5VTfe*o ®E*<0jl7C^{iit4. -0. 7 5VJb^&- 
0. 05 0. 1 5 VtcyvXWc->7hU it)* 

[0 0 7 7] :^{C, ^tt@4 1. 4 2o^n^'n{co 

v^T, ^tx^ti<o\£-'>miSL (Ep) -p^«{ftm^*a 

Me*I(c<f -3 fco ^Bfit®® 2 0 0g>^cD i stfii^S 1 tc so 
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^■To ^#SS!{lt±> ]t|gff!10M^a®4 2T'«. l i 
M ATfe-5©tC^^b. *^B^fcfi!'5SSSimffi4 1T'{±. 

2 0 /I AT'fe^o Ksim@4 1 Tii. ^nmAz icm 

js;t'B{? 1 0 0 %icjS:^^msimx'm7ttntco 
[0 0 7 8] mmms') 

(9) Mmmms K 5 2CD{tiSi 
«^{k¥MJiA i:LT. {b4 ^cM3g^*?^LfcnA;^H 
-3i-i':5':rh^->7:S»o>'7-> (CoOBuPc) . mUB 
fcLTy-MnOOH (Mna 04 tMns Os t<Dm 

[0 0 7 9] 




[0 0 8 0] 1 mMOCoOBuHPc^r. S^^SilttO^S^ U - 

4 i?i/^0. O 5a«%MS?L/c:DMFtC 
^^Lfco dODMFig^S // 1 ^G COStllLrcB^ 

i^cDMF}g?g5 M 1 *rgTUT2^ffl^aJal^:^s■r 
•s c i: T% coOBuPc^a®(c*-r i-iasmei 5 2 ^f^^g 

Lfco — 77. y-MnOOHS|f;^5S5 0 M g^HUlHDMF 

{c|W|C}^?S5m l^?gT> iSJa^j^bTDMF^&^fg^ 
-^SC^Ts CoOBuPci:Mn OOH^SffiJCWrS*!! 
H^tCfi!^KS^«@5 1 ^fFSLfco 
[008 1] (10) MS^«BOag^5l7C#tt<0^fii5 

mmmcit. pm. 400. iM»)A.^igi»jg?«^ffl 

tt@fC)t^bT+0. iVii^^-l. 2VJC50mV/s 

Ojia[T*i^i!>U -1. 2Vtc^-rsi:. 0 vfcffijjb^-p 



(11) 



<^m2 0 0 3- 1 5 1 5 6 7 
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[0 0 8 2] CoOBuPc (mLitmtmPi^ tMnOOH 

tt, Co(X)0HPc©*OSSSimffi 5 2 icn^ 2 

Sj§7ciiiiii©lf-^«tt (E p) «ra 1 fcS^-To 

@5 1 T'{±-0. 3 5 V. aSIS8B5 2T'«. -0. 2 

5 VT'^So ^^Oil7cm(4{i^ -0. 7 5V*^e,- 

O. 3 5 0. 2 5 V{c:7'^XWi:>>7hL. <tt)S io 

CO 0 8 3] MM^MMS i , 5 2 (D^-n-f'ntco 

i/>T> ^ti'en<D\^—>niiL (e p) t-^«{u«^*s 
^etiJctT^fco ^«fe«^2 0 o#^<o I stm^m i ^c 

2 8/1 AT*fe5o tss^n® 5 1 vit. Mi^mm 5 2lcn 

[0 0 8 43 (|IS£f?lJ6) 20 
(ll)ti^S®6K 62. 6 3. 64. 6 5. 66 

tt^<t:¥MJ®Ai:LT. p-CoTAPc. CoHFPc. CoCOOHPc. 

coOBuPc. mt^Bt Lrmmit7km^mmm-v&^t>'$i 

[0 0 8 5] K»tt®2 1 . 3 1. 4 1. 5 1{Ctej®B 

Uf^ti. m^m®2 1 . 3 1. 4 1. 5 1 <D{fm:^'^t 
|5lC:^j£T-ISS^m8i6 1 . 6 2. 6 3. 6 4^f^iS!b 3o 

[0 0 8 6] $fc. K^mS 1 4cDMjgBi:bTfflV^fc: 
M n O O H »cf^iL ^ ■7— tf^ffll^^fc^Ji^^li. SSS^S 

@i 4(?3f^ii!?jj£i:rau73ST*^«i@6 s^f^iau 

/to 

[0 0 8 7] $fc. isgimffil soMJiBfcLTfflv^rc 
ffi 1 5 ©f^i3:?^S i: 1^ 6 6 ^ffSa u 

[0088] (12) umnm<Dmm'M7tm^<Dmm ^ 

ffi. Ag/AgCl (iSftKC 1 ) «®^#B§«@^;•r 
§38B■^r;^^1^lfi!cLT. g?^oa7t;#1±;SrS{ffiUfco m 

mmcii. pH7. 400. 1 Mt)A.s^«?gj«*ffli/^ 

micnhr+O. W/tf'^-l. 2VlC50mV/s(D 
i$g[T'igE^U -1. 2\flcm-r^t. 0 VfClqji^-pT 
5 OmV/sOilfi-eiiAnL. ClOgl. f^ffl«@fc5^@ 
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[0 0 8 9] mmtmmts^A tmmB ir^r^-^ftufc* 

Pt^BtcSfdsSSilieiS 1 . 6 2. 6 3. 6 4T'l±. fm 

B:S:^^:*V>S^a@2 2. 3 2. 4 2. 5 2lzn^. 

in£2i§(ommM7iyf-'>mm.m^-^xtco mmcomit 

K*S{-«lS-r«S7C«dSE<Ot!-i^«(fi (Ep) %suc 
^•To g?^<0S7C«{it±. -O. 7 5V*^e>-0. 3 

5 — 0. 0 5VK■:f'^xm^ci/yhL. .fcDftftSlfa 

[0 0 9 0] i^tc. iSSiaffi6 1. 6 2. 6 3. 6 4. 

6 5. 6 6cD^n^ntC-D(,^T. ^n^tl(75tf— C^Wfit 

(Ep) x^n&mm^mm&^icn-^rc. ^niiLmm2 

0 oi0>^o I st«^a 1 tc^-To sm«gst«{±. *^H-9 

»ct¥-5MSiaSi6 1 . 6 2. 6 3. 6 4. 6 5. 6 6t? 

«. 1 8 — 3 0 /X AT'fci.o MiSB^Sr-g-S^^t^sS^li® 
2 2. 32. 42. 52 Ic^^^m 2 ^SO^-^^J^M^-^ 
^. g?^*^B*Ht±. 4 a^SfST-iStS 10 0 

[0 0 9 1] (|ISi5^j7) 

(13)M®^«@7 1. 7 2. 7 3. 7 4. 7 5. 7 6 

^^{t^toiSAfcLT. p-CoTAPc. CoHFPc CoCOOHPc. 

CoOBuPc. f&MB t LT^xnyxtl'^ hmimL a 

0. 8 Sro. E Mn03 ^m^-^rU^Mm^. USSfiSJ 

1 i:iRl«l<DiaS6mm©GCJ&fflt,^T{tSU/c:o 

[0 0 9 2] MS^tt@2 1. 3 1. 4 1. SllcmMB 
fcLTfflV^fcMn OOH{Cf^X.T. L a 0. s Sr 
0.2 Mn O3 ^fflV^fcU^^li. tSl^«®2 1 . 3 1. 
4 1. 5 io{'^S?^^i:llC:^jST*MSJ«@7 1. 7 
2. 7 3. 7 4^f^SabfCo 

[0 0 9 3] *fc. 1 4{cM^gB ilUTfflt^fc 

MnOOHfCf^AT. Lao. 8 S r 0. 2 MnOs^ 

[0 0 9 4] S/c. ^mmi StcMjSB fcbTffll/^fc 
MnOOHtCf^c^T. Lao. 8 Sro. 2 MnOa* 

[0 0 9 5] (14) ummm<DmmM7t^^(omm 
m. A g/ A g e 1 (isfiiK c 1 ) mm^^mmMt-r 

mmcii. pH7. 4 £0 0. 1 Mt)^^'^8^§^S^ffl(/^ 
fco K^;?JX%3 0«-F^ll®)«*tciii:T}g^^^^«rlS 

iCpiVT+O. 1V*^?)-1. 2 V{C5 0mV/s©3i 
aT'i^^i>L. -1. zvicmir^t. OVlCfait-^^X 5 

m^mmmmm^^. i^mmm<ommc$:iLximi. 



(12) 
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CO 0 9 6] mmt^mmAtmmB t^m-^itLtc:^ 

^q9»i:tie-5ISSJ«8i7 K 7 2. 7 3. 7 4. 7 5. 7 
6T{±. fflJiB^-g-^^l/^K^«@2 2. 3 2. 4 2. 
5 2»CS^'<. J${?2<g©gE^a7ctr-^'Sg5ifii5:-^A 

(E p) ^aUC^-To i?^OS7Cti{it±. -0. 7 5 
V3b'>e.-0. 40 0. 1 0 V{c:f^;?.ffl||fc->7h 

CO 0 9 7] ^tC. Siill|®7 1 . 7 2. 7 3. 7 4. 

7 5. 7 6 ©^n-f^ntcoi/^T. ^-ti^ntovf— i'Wffi « 
(Ep) X'^nnL^m^mmmcn^rco ^m^mmz 
0 o#^o I stffi^a 1 tc^-r„ ^-^tt^sfflti. *^Hj 

tcSf-?M^«@7 1 . 7 2. 7 3. 7 4. 7 5. 7 eX' 
{±. 1 6~2 8 ft AT'fe^o ttigB«:-&$*V>MS^tt8i 

2 2. 3 2. 4 2. 5 2lcm^^2i§(D^'^m.^m^-^ 
X. SE^/f)<m*Ht±. 4«?S/STa{? 1 O 0%t£:jfi(/> 

CO 0 9 83 tf^,^#JS<D3/VI/^ (Co) ?rgt 

(Fe) . VV;?f> (Mn) li::^gI5feSt,^t±-g|5«^^ 

^rummm? i 7 4 {c*§s-rsK®is@^{'^isi 20 
h (c o) <o^mmii^^m^^rcummminsiimm(D^ 

Co 0 9 9] cm^ms) 
(13) nn-ii}^<om^ iLx 

m 3 Ji:S^-r^fi!tO^«-lr;l/A:tei:i;#g«-fe;l/B JgrliiiJilz: 

CO 1 0 0] lEmti^xi^m-r^^nm (6) j±. fgm 30 

•fe ;l/ A T'fi . ft: 3 tlSii^^^ L fc n / h 7^ h V 

4-*^>'7^ni/7— V (CoCOOHPc) ^2. Oafi%^a 
bfcM n 2 O 3 2 mfiSP. Sffi]^l»5|5 1 MaSP. T 
-fe^U'>'7^'y^«»*0. 3«sa5. >-K'Jxh^7;l':t 
ax^Uy (PTF E) /WV^-O. 2afigl5:^)^e,;& 
Sil^l^^. JP^O. 2mmcO:^-yy;l'Xd7i;-:;/(cJl 

Co 1 0 1] nmti.xifm-r^ytmmmmi±. is^T. 
a« (1) . I Tonm (2) . t 1 02 

(3) . fcia'fe^^i-^T'^^Lfco »S ImmO;*;^ 40 
xaS (1) ±»cg®gfii*M 0;i— A/DOl'V-:^'j7 

L.-mmm d to «k (2) A^jg^g^n/i^jsji 

■tta^m4»«%ffljftL. ^l^SS*^ 1 0 n mcOT i O2 
ifei?^ 1 1 2ft b foi^ U x^ U >• i7 U n 3 



oaa%$tr7-t h-hu^bSis^. aajitcit) i t 
Mfti-z?4 ooicT-mr^ftpf^-r^cirT'. m^i^xoii 

m(DT 1 O2 WSL^m (3) ^Jgfigbfco iJ^TtC. T i O 

tT-. fe^^i-?«T i 02 ?s©?K(c}^sbrco 

ic. <in^4-t e r x--f=f-)V\i.^}iy>l>zWS.\.tz(D 
^. 7-feh-h U;l'T'gt}^LfcO^|J:j^-r'i>ili:T'JtM 

^*)^^n±MX'tb^o 

Co 1 0 2] 

Cfts] 

COOH 



HOOC 



HOOC 




NCS 



NCS 



COOH 



CO 1 03] (5) i:LT0. IMKO 

H7)<^?S{C^7j<lt!|^fcbTy;l'3— X^5 OmM. NA 
DH^5mMrSl®Lfct©^fflV>ft:o • 
(5) tt. «fli?g • J^il^JSaAP (8 a) j:t)aA? 
n. 5111^. fiPtJiP (8b) cfcOgftii^nSo 
^^S5i14JS7j<:]^ (7) *jiLTngP±t)%«-fe;l/rtSP 

CO 1 0 4] ^m-fe^l^Bti. CoCOOHPc?r^SL%(/^Mn 

2 03 ^m^-rc^^m^m.m\^tz.m\-ii. ^«-fe;i/Ai: 

CO 1 0 5] ^to!««®(±7tSS*ftcJ; tj^ssa 
(S+) fcW^^^^^-rSo S+t±. NADH (Stc 

W) .fcijm^^stt^^o. 7toss«®a (s) fcM 

-So «?^jaL/cN ADHti^fkf* (NAD+) fc^ 
D. dON AD+ (C6H12 
06 ) «r^ft:bTi'*;l/3-;^A^C,tt?^%SttSXt)N AD 

DiE®T-fei.®^StcM»3. (O2 ) cDilTtSfC^C 



S S + + e - (nSPlHl^'N) 

NADH + S+ NAD+ + I 

NAD+ + C6 H12 06 ^ ■ 

NADH + Ce Hi 1 06 + 

<iE8i> 



H+ (JEm^O 



(13) 
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1/202 + e- (ngi5ls]K*^e>) + H + 



Ce Hj2 06 + I/2O2 -» CsHii 

CO 1 0 6] (14) ^a-lr;l'0»f^!tfft #fco 

±iHxs»c i 0 rpmvrc¥tm-t}V^. mmm • immx^ [ 0 1 0 s ] 

jSrcLfcO^. ;<fv;^S« (1) fi!lJ;*J*ll7t->5aU 
— ^(AMl. 5. 1 0 OmW/cm2 ) *''t,<757ld^Bg 

stLT. %a-ir;i/©g«^ (ocv) fe<tr>\ 10 0/i 
AO-^SSST-ZO^S-F^ambfclSI©. %«-lr;KOIffiE 10 
^rSiJ^bfco OCV«. fgtt-fe^l/ATHi. 1. 3 0 V. 
l€m-lr;VBT'«s 1. 2 0 VT'fec>fco ^fc. 2 0:«-Fa 
®«^o%«-ir;KDttfftt. fSm-t;i/AT'«. 1. 20 
V. ^m-fe^l^BTli. 1. OV-pfeofco 

Co 1 0 7] *?gB^©^^S7c«-&it@^wr«fgm-tr 



l/2Hz O 
06 + I/2H2 O 



Co 1 0 9] S4t±. mnmm<Dmm(D-m^7r^-tm^ 
mzz tiJ^yu h:ymmiSL(omma.z s^frvrmu^ 

yj. mmmz z icn. mnmmnz 6^-^7m%^m-r 



Hz 2H+ + 2e- 

<iE8i> 

I/2O2 + 2H+ + 
[0 1 10] ^nmizii. m^li. ft3tc«3g^^^L 
fc3''^;i'hxh-7*;b'-i^4^^^7^'D->7-v (CoCOOHP 
c) * 2 . 0 LfcM n 2 O 3 2 SSgP. 

BSC. PTFE/W>^-0. 2tt«a5A^?,*^M^1^ 

T% fi?ij;ttf. :^:7-^:t^'l 1 2ll©7'n hvsiatt-r^t 

CO 1 1 n *5iB^Oi!Sa7tffi^^@^IE8B{Cfflt,>;5 40 



Zn (OH) 2 + 2e- (n^HSS'x) 



Zn + 20H- -» 
<iE@> 

1/202 +H2 O +2e- (J1-gP|HlSS*>e,) 

CO 1 143 mmtLrv^m-r^^nmic^ m^i^. it 

T~y (CoCOOHPc) ^2. 0«ft%^^LfcMn2 O3 
^'il^jlcO. 3MSSP. PTFE/W>^— 0. 2aftep so 



(^gPlHlSS^) 

2e- (^r|.gp|5ii^*>e,) ^ H2 O 

Co 1 1 2] imti&Mi 0) 

CO 1 1 3] 0 5 ii. ^^mm(Dmm<D-m^^t~^ 
7m3 4. ^MfiS3 K "t^iu—si 3 3i)m^mmtn 

3 2 Tb^lR^^n. iE^-lr— X 3 7 tft^y— X 3 8 tit 

i3X^yh3 9^ffLxmmvxmat[nx\,^^o 40 



* 20H- 

CO 1 1 5] jSSPfcSmTL^W-rS^SSOiE® 
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#gg2 00 3- 1 5 1 5 6 7 
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Co 1 1 6] *«^§©il^^S7c1t^lBffi^:iEffi^i:ffl^,^5 

[0 1 17] *||«SP1 OTtt. m@fCSSi%ffl 

[0 1 18] 

^ 1 0 0%K5fit/>SS?^T^^«S^ffifCfeffinfc:^ 
CHffiOffim^SJB^] 



[0 1 ] *^Bj<Da®<Dm»!-as;s§^i4^^-rE 

[0 3 ] :i^mM(D-mmm<D^m'iij\^<Dmy&^^tm 
[0 4 ] :^¥^m<o-'mmm(Dimmm<omm^^-tm 
[0 5 ] :$i^m(o-mmm(D^^mm(Dmm^^-r- 

C??F^<Di4B^] 

1 2 I TO»Mv 3 T i 02 ^)&? 

□s 8 b nmm ' m^mmmn. 9 a, 9 b 

10 ftgB';-h\ 11 iE@u-h\ 12 m± 
Ms 2 0 j^nmmom-irfw 2 1 2 2 ^ ^ 

ii^s. 2 3 mmn. 2 4 s««)f&p. 2 5 

2 6 j^Sl^ttt^P. 2 7 ^.il^ffMP. 3 0^ 
20 ^WM. 3 1 Sm®. 3 2 ft®. 3 3 -b-'^l^— 

3 4 jS7j<H. 3 5 mmmimmm. 3 6 

?L, 3 7 jE^-ir— X, 3 8 MS-y— X. 3 9 ;«fX 
y-yh. 4 0 ho 




I 1 I L 

-1,2 -0.8 -0.4 0 

(V) vs A»»Aga 
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F — 5H018 M03 AAIO AS03 EE12 EE16 
EE17 

5H026 M03 CX05 EE 12 EE! 7 EE 18 
5H032 AAOl ASOl AS02 AS03 ASH 
AS16 AS19 CC06 CCU EE02 
EE15 EE17 HHOl 



